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ABSTRACT

Protein-oil supplements (POS) containing ascorbyl palmitate (AP) , high oleic acid
sunflower oil (HOSO), and defatted soy flour mixed either with casein or solubilized
chicken feathers were treated by a safe chemical agent to form gels. Part of the ground
casein gel (WC) was dried to form DC, and ground feather gel was dried to form OF. In
each of four 11-day feeding periods (one rep), each of 3 lactating goats was fed daily
basal diet (BO) for 7-days followed by 4-days feeding BO + WC, DC, OF, or AP (VC).
Blood and milk samples were taken from each goat at 7 and 11 days of each period. Two
reps were run.
WC, DC, and OF had, respectively, 55.9, 9.8, and 19.8% moisture; 15.4, 29.2,
and 23.6% protein; and 15.5, 29.2, and 23.6% fat; fat had 85.4% oleic acid (C18:1). BD
had 4.3% fat with 23.5% C18:1. Compared with BO, WC, DC, and OF, but not VC,
increased (P < 0.05) vitamin C levels (VITC) in blood serum, and WC and DC increased
VITC in milk. DC doubled (P < 0.05) the C18:1 level in BO-fed goats milk from 12.5 to
25.2%, and WC and OF increased (P < 0.05) C18:1 level to 19.2 and 19.0%, respectively.
The increase in C18:1 levels decreased levels of saturated fatty acids (SFA) with 6 to 16
carbons and elaidic acid (C18:1t). Similar but smaller differences (P < 0.05) in levels of
C18:1, SFA, and C18:1t were found in serum.
The most abundant triacylglycerols (TG) in milk fat were those containing 42, 44,
and 46 total carbons in their 3 fatty acids. Feeding POS increased the levels of TG with
46 and 50 carbons while decreasing levels of TG with 26 to 32 carbons. At 10°C, DC
lowered (P < 0.05) the 34.8% solid fat content (SFC) of milk fat from BO-fed goats to
23.0%, and WC and OF decreased the SFC to 26.5 and 29.6%, respectively. Feeding
DC produced goat milk fat spreadable at< 10°c while feeding BD did not. Feeding DC to
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dairy cows also might produce naturally "healthier" butter spreadable at refrigerator
temperatures (S-6°C).
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CHAPTER I

INTRODUCTION

Since 1970, consumption of dairy products has declined in western countries,
particularly in the United States (Anonymous, 1982). The consumption of dairy products,
which contain 40 to 50% saturated fat, increases plasma low density lipoprotein (LDL)cholesterol in human (Kuller, 1983; Vanderveen, 1996). It may contribute to many health
problems, especially coronary heart disease (CHD); high blood cholesterol level (>250
mg/ml) is one of heart disease risk factors (Kuller, 1983). Dietary saturated fatty acids,
particularly myristic (C14:0) and palmitic (C16:0) , are hypercholesteremic and have been
associated with the increased incidence of arteriosclerosis and CHO (Noakes et al.,
1996). For the past several decades, health organizations have recommended
decreasing saturated fat intake for lowering serum cholesterol (Kuller, 1983; Vandeveen ,
1996) in the U.S. To follow this recommendation, the U.S. consumers have to reduce the
percentage of calories from fat in their diet, and to substitute unsaturated for saturated fat
(O'Donnel, 1989; Zock and Katan, 1997). This pressure led to a decrease in consumer
intakes of milk fat products such as butter (O'Donnel, 1989), because the milk fat
contains about 66% saturated fatty acids, of which approximately 40% are C14:0 and
C16:0, 30% monounsaturated and 4% polyunsaturated fatty acids (Ashes et al., 1992;
Chouinard et al., 1998; McDonald and Scott, 1977). However, increasing levels of the
monounsaturated fatty acid (MUFA) such as oleic acid (C18:1) are beneficial because
C18:1 lowers the serum levels of LDL-cholesterol and does not affect the serum levels of
high density lipoprotein (HDL)-cholesterol (Noakes et al. , 1996).
Besides being beneficial to health, increased levels of monounsaturates in butter
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also add better spreadability at cold temperature (<10°C). Cowan and McIntyre (1992)
reported the views of German consumers, 60% of whom used butter, concerning
monounsaturated butter. For the consumers, 72% considered the monounsaturated
butter to be more spreadable than normal butter at refrigerator temperature, and 76%
considered it to have the same spreadability as margarine. According to news sources,
butter with higher levels of C18: 1 and spreadability at refrigerator temperatures
commands a higher price than regular butter (O'Sullivan, 1997; Young , 1997) and has a
growing market in Europe (Chaudhary, 1997).
The ideal nutritional milk fat would contain 10% polyunsaturated fatty acids
(PUFA), 8% saturated fatty acids (SFA), and 82% MUFA (O'Donnel, 1989). Such a milk
fat could not be accomplished by modifying diets for lactating cows; the C18: 1 content in
milk fat may be increased by 50 to 80% and might approach 50% of milk fatty acids by
feeding lipids rich in C18 fatty acids, and the C16:0 might be decreased by 20 to 40% by
feeding a supplemental lipid with low levels in C16:0 (Grummer, 1991). However,
inclusion of free or unprotected fats in excess of 3-4% in the ruminant diet reduces
ruminal microbial activity and depresses the digestion of cellulose (Czerkawski et al. ,
1996; Henderson, 1973), and this amount is not high enough to change milk fat
composition at the levels reported by Grummer (1991) . In addition , ruminal microbes
hydrogenate the unsaturated dietary fatty acids resulting in a much more saturated fat
being absorbed by the ruminant animal (Grummer, 1991). Therefore, the dietary fats for
ruminants must be protected to change milk fat composition substantially (Gulati et al.,
1997a; 1997b). Researchers reported that four main processes have been used to
protect fats from ruminal degradation (Gulati et al. , 1997b): (1) encapsulation of
triacylglycerols in a matrix of aldehyde treated protein (Scott et al., 1971), (2) formation of
calcium salts of SFA or MUFA, (3) pelleting of hydrogenated and small amounts of starch
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to form prilled fat supplements and (4) extrusion of vegetable oil seeds. In the estimation
of the degradation of such protected supplements by in-vitro study, Gulati et al. ( 1997b)
reported that the most effective way of protecting the dietary fat for ruminants was the
formaldehyde-treated products. Gulati et al. ( 1997a) further showed that by feeding 111 g
faUday to goats of canola oil encapsulated in formaldehyde-treated soybean meal, it was
possible to increase the milk fat C18:1 content from 34 to 42%, decrease the milk C16:0
level from 25 to 15% and increase the milk fat C18:2 content from Oto 4%. In addition ,
Lin et al. (1996a; 1996b) fed 1.7 kg of calcium salts of high oleic acid sunflower oil
(HOSO) per day to dairy cows to increase C18:1 from 22.9% to 35.2%. Also, a high oleic
acid butter was produced with a solid fat index (SFI) range of 10 to 20 in the temperature
range of 10 to 23°C, this was consistent with butter spreadable at refrigerator
temperatures (deMan et al. , 1977; Lin et al., 1996a). Lin et al. (1996a) also found no
difference in flavor or in oxidative stability between normal and high oleic acid butters.
The normal and high oleic acid butters contained 25.3 and 37.9% C18:1, respectively (Lin
et al. , 1996a).
However, formaldehyde is a carcinogen and formaldehyde-treated lipid
supplements have not been approved in the U.S. for lactating dairy cows because of
concerns that formaldehyde will be transferred to the milk (Grummer, 1991; Lin et al.,
1996a). Dje (1994) showed that when fed to lactating ewes, a protein-oil gel treated with
2,3-butanedione was nearly as effective as the protein-oil gel treated with formaldehyde in
changing the fatty acid composition of milk fat. The compound, 2,3-butanedione, is
generally recognized as safe and is not a carcinogen. Lee et al. (1999) showed that
when fed to lactating ewes, this protein-oil gel supplement containing regular sunflower
oil increased the C18:1 content of the milk from 30 to 34% and the linoleic acid (C18:2)
acid content from 2.5 to 6.9%. However, the extent to which this gel supplement
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containing high oleic acid sunflower oil (81 % C18:1) can alter the fatty acid composition of
ruminant milk fat is unknown and needs to be determined. This protein-oil gel
supplement also has the ability to protect fat-soluble components from ruminal microbial
metabolism similar to that claimed for the formaldehyde-treated protein supplement by
Scott et al. {1971). Feeding the protein-oil gel supplement, which contained the same
level of a-tocopheryl acetate as that fed without protection to lactating ewes, increased
the a.-tocopherol level in the milk by 30% (Lee et al. , 1999). The protein-oil gel
supplement may also offer protection to another oil soluble vitamin {ascorbyl palmitate)
which is degraded in the rumen. However, additional research is needed to substantiate
the claim of protection of ascorbyl palmitate against ruminal microbial attack.
Currently, the protein-oil gel supplement, which contains 51% moisture, 15% lipid,
and 15% protein, has a shelf-life at 23-25°C of approximately 2 weeks because of mold
growth (Waller, 1999). In preliminary research, drying of the protein-oil gel supplement
for 20 hr at 55°C reduced the moisture content to 13%, turned the supplement brown, but
maintained its crumbly form. Such drying should improve its shelf-life, provide a flowable
product that is more acceptable to the feed industry, and not alter the supplement's
protective ability. Scott et al. (1971) produced the protective formaldehyde-treated
protein oil supplement in a dry form. However, the protective ability of the dried proteinoil gel supplement against ruminal microbial degradation of unsaturated fatty acids
(USFA) and ascorbyl palmitate also needs to be determined.
Preliminary research at The University of Tennessee has shown that it is possible
to replace the more costly proteins (casein and white soy flour) in the protein-oil gel
supplement with poultry by-products. However, it is unknown if this reformulated gel
offers protection of the USFA and ascorbyl palmitate to ruminal microbial attack. The
level of protection against ruminal metabolism of these components provided by the
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reformulated gel needs to be determined in comparison with that of the protein-oil gel
supplement.
Thus, the objectives of this research were as follows: (1) to determine and
compare the changes in fatty acid composition of blood and milk lipids from goats fed (a)
a basal diet, (b) the protein-oil gel supplement containing HOSO and ascorbyl palmitate
(AP), (c) the dried protein-oil gel supplement containing the same oil and AP, or (d) the
reformulated gel supplement containing the same oil and AP and replacement proteins
from poultry by-products; (2) to determine and compare the levels of ascorbic acid in the
blood and milk of goats fed (a) a basal diet containing the AP, (b) the protein-oil gel
supplement containing HOSO and the same level of AP present in the basal diet plus AP,
(c) the dried protein-oil gel supplement containing HOSO and the same concentration of
the AP as the basal diet plus AP, or (d) the reformulated gel supplement containing
HOSO and the same level of AP as the basal diet plus AP; and, (3) to determine and
compare the solid fat contents (SFC) at different temperatures from 10 to 37.8°C and
levels of triacylglycerols of milk fat from goats fed (a) a basal diet, (b) the protein-oil gel
supplement containing HOSO and AP, (c) the dried protein-oil gel supplement containing
the same oil and AP, or (d) the reformulated gel supplement containing the oil and AP.
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CHAPTER II

LITERATURE REVIEW

CHARACTERISTICS OF RUMINANT MILK FAT

Ruminant milk fats have distinctive fatty acid (FA) profile that result from microbial
activity in the rumen (Hartfoot and Hazlewood, 1988). Also, the milk fats are
characterized by their low level of unsaturation and by the presence of small amounts of
trans fatty acids (Padley et al., 1986). From ruminal fermentation, acetate and
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hydroxybutyrate are produced, and serve as the building blocks for the synthesis of FA in
the mammary glands (Grummer, 1991 ; Walstra and Jenness, 1984a). All of the shortand medium-chain FA (C4 to C14) and half of the palmitic acid (C16:0) in milk fat (MF)
are synthesized by de novo in the mammary gland; the remaining half of the C16:0 and
the C18 and longer FA in MF are obtained directly from the blood supply to the mammary
gland through dietary or adipose origin (Grummer, 1991 ; Hartfoot and Hazlewood, 1988;
Walstra and Jenness, 1984). The high content of oleic acid (C18:1) results from the
actions of desaturase enzymes to convert stearic acid (C18:0) to cis-C18:1 and the
hydrogenation of linoleic acid (C18:2) to trans-C18: 1 in the rumen (Grummer, 1991;
Walstra and Jenness, 1984a).
Triacylglycerols (TG) synthesis in mammary tissue occurs primarily via the aglycerol phosphate pathway, which uses glycerol phosphate as the FA acceptor (Christie,
1995; Walstra and Jenness, 1984a). The complex process involved in the biosynthesis
of ruminant MF provides an opportunity for many factors to influence the final chemical
compositions: stage of lactation, seasonal variation, feeding regimen, breed and genetic
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variation, age and nutrition of cow, and infections of the udder (Grummer, 1991 ; Hartfoot
and Hazlewood, 1988; Palmquist, et al. , 1993).

Chemical Composition of Milk Fat
Proximate composition of bovine and caprine milk is quite similar; the bovine and
caprine milk contain , respectively, a complex mixture of lipids (3.8 and 4.2%), protein (3.4
and 3.5%), carbohydrate (4.8 and 4.3%) , vitamins, and minerals, respectively (Ensminger
et al. , 1994; Swaisgood, 1985). Lipids in the milk provide a major source of energy (9
kcal/g) and essential structural components for the cell membranes of newborn mammals
(Swaisgood, 1985). The MF secreted in the mammary gland exists in the form of
globules, 2 to 4 µm in diameter, surrounded by a membrane, which maintains the integrity
of the fat globules in the aqueous environment (Christie, 1995; Swaisgood, 1985). Based
on total milk lipids, the fat globules consist of almost entirely TG (97%), whereas the
membrane exists mainly as complex lipids (3%); in addition , the MF globule membrane is
composed primarily of phospholipids (0.6%) , as well as di- and mono-acylglycerols (0.36
and 0.027%, respectively), free cholesterol (0.31 %) and cholesterol esters (0.031 %), free
fatty acids or FFA (0.027%), carotenoid, vitamin A and other minor components (Christie,
1995; Padley et al. , 1986; Swaisgood, 1985). Although these minor components are
present in small amounts, they can provide several components of potential physiological
importance to the infant (hormones and vitamins), and contribute to the flavor and
organoleptic properties of milk and dairy products (Christie, 1995; Swaisgood, 1985).
Since 1988, over 400 FA have been isolated and identified as components of
bovine milk lipids; however, only 20 individual FA are present in the appreciable 90% of
total lipid concentration (Christie, 1995; Kaylegian and Lindsay, 1995b; Padley et al. ,
1986). Qualitatively, the FA of goats' milk fat are the same as those found in cows' milk
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fat; however, the content of capric acid (C10:0) is significantly higher in goat milk fat
(Christie, 1995; Padley et al. , 1986). Fourteen FA and their weight percentages in bovine
and caprine MF are listed in Table 1 (Christie, 1995; Padley et al., 1986). The C18:1,
C16:0, and C18:0 are the three most abundant FA in both bovine and caprine MF
(Swaisgood, 1985). The MF of ruminant animals are characterized by the presence of
relatively high concentration of short-chain (C4 to C10) FA (approximately 10% total FA) ,
especially butyric (C4:0) and caproic (C6:0) acids, which are rarely found in milks of nonruminants (Christie, 1995; Kaylegian and Lindsay, 1995b). Also, medium-chain (C12 to
C14) FA contribute 10 to 20% of the FA composition (Kaylegian and Lindsay, 1995b).
Based on all of the FA identified in bovine milk fat, saturated fatty acids (SFA) account for
62.83% in the total lipid, monounsaturated fatty acids or MUFA (30.75%), polyunsaturated
fatty acids or PUFA (3.82 %), branched FA (2.19%), and the 0.40% of total lipids from
miscellaneous fatty acids (Swaisgood , 1985; Wolff, 1995). For C18 MUFA fraction , 8 to
20% of that total concentration contains double bonds of the trans configuration; several
positional isomers of cis and trans forms exist (Hay and Morrison, 1970; Wolff, 1995).
Most of the cis isomer with the double bond at the position 9 is formed by desaturation of
C18:0 within tissues; in addition, the most abundant trans isomer with double bond at
position 11 (vaccenic acid or) is a by-product or intermediate in the biohydrogenation of
linoleic acid (C18:2) in the rumen (Bindal and Wadhwa, 1993; Hay and Morrison, 1970;
Wolff, 1995). Wolff (1995) reported that the mean content of trans-C18:1 in goat milk fat
(2.68% total FA) was significantly higher in cow milk fat (1 .95% total FA).
The TG composition of bovine and caprine MF expressed by the total FA carbon
number is presented in Table 2 ( Kuksis and Breckenridge, 1968; Padley et al, 1986).
The C36 to C40 and the C48 to C52 TG are the most abundant in bovine MF (Kaylegian
and Lindsay, 1995b; Padley et al. , 1986). The TG distributions of the goat MF are quite
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Table 1 - Composition of major fatty acids (wt%) in bovinea and caprineb milk fats
Milk fats (wt % )
Fatty acids

Bovine

Caprine

Short-chain FA

C4:0

3.3

2.6

C6:0

1.6

2.9

C8:0

1.3

2.7

C10:0

3.0

8.4

C12:0

3.1

3.3

C14:0

9.5

10.3

C15:0

1.5

0.7

C16:0

26.3

24.6

C16:1

2.3

2.2

C17:0

1.0

2.4

C18:0

14.6

12.5

C18:1

29.8

28.5

C18:2

2.4

2.2

C18:3
achristie, 1995
bPadley et al., 1986.

0.8

Medium-chain FA

Long-chain FA

9

Table 2 -- Triacylglycerol composition (wt%) of bovinea and caprineb milk fats
Milk fats (wt %)
Tria9'.lgllcerols

Bovine

Caerine

C26

0.6

0.3

C28

0.5

0.8

C30

1.0

1.7

C32

2.3

2.6

C34

5.5

2.9

C36

10.5

5.3

C38

13.1

10.7

C40

10.5

12.8

C42

6.3

9.3

C44

5.6

7.8

C46

6.4

5.8

C48

8.4

2.7

C50

11.7

6.4

C52

11 .3

12.7

C54

6.0

10.5

C56
Padley et al, 1986
bKuksis and Breckenridge, 1968.

0.2

8
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similar and resemble those of bovine MF because of the high content of short-chain FA in
the ruminant milk and a general similarity in the chain length distribution of long-chain FA
(Kuksis and Breckenridge, 1968; Padley et al., 1986). However, Kuksis and Breckenridge
(1968) reported that the caprine milk contained proportionally more of the C54 TG than
the bovine MF.
The TG are synthesized in the mammary gland by enzymic mechanisms that exert
the selectivity in the esterification of FA at each position of the sn-glycerol moiety
(Chirstie, 1995; Padley et al., 1986; Walstra and Jenness, 1984b). The composition of
FA esterified at each position of triacyl-sn-glycerols in the bovine and caprine milk is
shown in Table 3 (Christie and Clapperton, 1982; Padley et al., 1986). In the overall FA
compositions of the TG in the milk, the C16:0 is almost equally distributed in the sn-1 and
sn-2 positions in bovine milk; moreover, myristic (C14:0) is found in the greatest
concentration in position sn-2 (Christie, 1995; Jensen et al., 1991; Ruiz-Sala et al., 1996).
The high concentration of the rest of SFA and the long chain (C18:0 and C18:1) FA are
found either in the sn-1 or sn-3 positions (Christie, 1995; Jensen et al., 1991; Padley et
al., 1986). A truly distinctive feature of MF is the unique distribution of the short-chain

(C4 to C10) FA, which are concentrated entirely in position sn-3 in milk of ruminants
(Christie, 1995; Jensen et al., 1991).

Physical Properties of Milk Fat
The physical properties of MF are expressed in crystallization and melting
behaviors, which are directly affected by the inherent chemical composition and structure
of MF. Also, they are influenced by the conditions employed during processing
(Kaylegian and Lindsay, 1995b). The crystallization of MF is considered as two step
processing: crystal nucleus formation and growth (Deffense, 1993). The initial
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Table 3 - Composition of fatty acids esterfied (mole%) at each position of triacyl-snglycerol in bovinea and caprineb milk
Bovine milk
Fatty acids

sn-1

sn-2

Caprine milk
sn-3

C4:0
C6:0

sn-1

sn-2

sn-3

35.4

15.0

0.9

12.9

12.1

C8:0

1.4

0.7

3.6

1.7

1.3

5.1

C10:0

1.9

3.0

6.2

3.5

7.4

11 .9

C12:0

4.9

6.2

0.6

4.2

4.7

1.2

C14:0

9.7

17.5

6.4

8.5

20.4

2.5

C16:0

34.0

32.3

5.4

43.4

33.4

3.4

C16:1

2.8

3.6

1.4

3.1

2.0

1.5

C18:0

10.3

9.5

1.2

14.9

6.5

6.9

C18:1

30.0

18.9

23.1

15.9

15.7

28.6

3.5

2.3

0.4

2.5

4.2

C18:2
1.7
aChristie and Clapperton, 1982
bPadley et al., 1986.
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crystallization is formed by molten MF through supercooling below its final melting point
that is causing spontaneous crystal formation; and, the formed spherulite crystals nuclei
are growing by the depositions of successive layers of molecules on an already ordered
crystal surface (Deffense, 1993; Mortensen; 1983).
The MF exhibits polymorphism, which results from a change in the crystal
structure of TG; moreover, crystals of they-, a-, 13'-, and 13-forms have been identified in
MF (deMan, 1961; Foley and Brady, 1984; Mortensen, 1983; Sherbon and Dolby, 1973).
The y-form is highly unstable; a-form has little spatial arrangement and a low melting
point; j3' crystals have a tighter arrangement and higher melting point; and 13 crystals have
a very dense arrangement and a very high melting point (deMan , 1961 ; Foley and Brady,
1984; Mortensen, 1983). The 13'-form is generally the most stable form for MF crystals
(Mortensen, 1983; Sherbon and Dolby, 1973). Rapid and deep cooling promote the
formation of the low melting unstable crystal forms y and a, but raising the temperature
and reducing the cooling rate promote the formation of more stable (13') crystal forms
(Mortensen , 1983; Sherbon and Dolby, 1973). The size of MF crystals varies
considerably, and it is dependent on the rate of crystallization (deMan, 1961; Foley and
Brady, 1984; Mortensen, 1983). If MF is cooled rapidly, numerous needle or platelet
shaped small crystals with 0.1 to 3.0 µm in diameter are formed; however, the slow
cooling of MF results in the formation of a few spherulite large crystals with up to 40 µm
in diameter are formed (deMan, 1961 ; Foley and Brady, 1984; Mortensen, 1983).
Melting behavior is important to many applications of MF in food products, and the
melting behavior of MF is characterized by melting point, thermal profile, and solid fat
content (SFC) profile (Kaylegian and Lindsay, 1995b). The melting point of MF is defined
as the temperature at which MF become visually clear and free of crystals (approximately,
32 to 36°C); moreover, other measurements of the melting properties of MF are dropping
13

point, softening point, and slip point (deMan et al. , 1979; Kaylegian and Lindsay, 1995b).
The MF commonly is completely solid at -40°C, completely liquid at 40°C, and a mixture
of solid and liquid fat at intermediate temperatures (Bomaz et al., 1993; Kaylegian and
Lindsay, 1992; 1995b). In addition, the MF consists of three major melting species; low
melting glycerides melt below 10°C; middle melting glycerides melt between 10 and 20°C;
and high melting melt above 20°c (Kaylegian and Lindsay, 1995b). The SFC of MF is a
measurement of the percentage of solid MF in a sample at a selected temperature;
moreover, the SFC can be measured by pulsed nuclear magnetic resonance, differential
scanning calorimetry, or diatometic techniques (Kaylegian and Lindsay, 1995b; Nawar,
1985). The most accurate and increasingly popular method for SFC determination is
nuclear magnetic resonance. A typical SFC profiles of intact MF, and solid fat index of
soft and hard margarine are shown in Fig. 1 (Kaylegian and Lindsay, 1992; deMan et al. ,
1979). The MF exhibits a gradual decrease in SFC from approximately 50% at 5°C to 0%
at its final melting point range (35 to 40°C); increasing concentration of in short-chain
(C4-C10) FA and long-chain unsaturated fatty acids (palmitoleic or C16:1 and C18:1) with
concurrent concentration decreases in long-chain SFA (C16:0 and C18:0) , which results
in MF with lowered melting points (Kaylegian and Lindsay, 1992; 1995b). Therefore, a
greater proportion of low-melting glycerides causes a lower SFC profile at any given
temperature (Kaylegian and Lindsay, 1995b). On the other hand, an increase in the
concentration of C16:0 and C18:0 with a concurrent decrease in the level of short-chain
FA and C18:1 increases the melting point of MF and results in increased proportions of
high-melting glycerides that cause a high SFC profile (Kaylegian and Lindsay, 1992;
1995b).
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Fig 1 - Typical solid fat content profiles of anhydrous milk fat (Kaylegian and Lindsay,
1992) and solid fat index of hard and soft margarine (deMan et al., 1979).
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MILK FAT USAGE AND APPLICATION TO FOOD INDUSTRY

The MF is an important ingredient in traditional dairy foods (fluid milk, butter, and
cheese) and commercially prepared MF based food (Kaylegian and Lindsay, 1995a).
Since 1970, the consumption of MF in both retail and commercial markets has declined in
the United States (U.S.) and other western countries; the health concerns, price, and
restricted functionality have contributed on this decline (Anonymous, 1982, Noakes et al. ,
1996; Zock and Katan, 1997). The 1970's heralded a market increase in health
consciousness among western nations, predominantly in the U.S.; therefore, the pattern
of consumption shifted away from traditional dairy foods toward the low fat varieties
(Noakes et al., 1996; Zock and Katan, 1997). In addition, health related trends toward
low fat diets, particularly low cholesterol diets, have resulted in a shift away from butter
and toward to margarine and butter-margarine spreads (Grummer, 1991; Noakes et al. ,
1996; Zock and Katan 1997). Price and functionality are also important factors of MF
usage at the commercial level; the MF has the disadvantage of both high price ($2.46/lb)
and limited functionality compared to tailored margarine made from vegetable fats and
oils (Kaylegian and Lindsay, 1995a).
The MF functionalities in food are related to its chemical and physical properties
(Walstra and Jenness 1984b). Chemical functionality of the MF provide its unique flavor
and the secondary flavor compounds derived from MF react with other constituents in
foods; physical properties of MF allow the creation of butter with MF fractions that spread
easily at refrigerator temperature (Grummer, 1991 ; Kaylegian and Lindsay, 1995a;
O'Donnel, 1989). The MF is only churned into butter or processed into butter oil before it
is used in the food industry (O'Donnel, 1989); it is one of the few fats that is compatible
with cocoa butter because of inhibiting fat bloom in chocolate (Kaylegian and Lindsay,
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1995a). In addition, MF ingredients can be found in a wide range of food products
because the MF-based ingredients contribute in several ways to food products: flavor,
mouth feel, texture, structure, pseudomoistness, and appearance characteristics (Walstra
and Jenness 1984b).

DIETARY MILK FAT EFFECTS ON HUMAN HEALTH

In the U.S., there have been a number of recommendations for reducing fat in the
diet (Vanderveen, 1996). Dietary guidelines have recommended decreasing saturated fat
(SF) intake for lowering serum cholesterol (Kuller, 1983; Vanderveen, 1996). The SF
intake from animal sources (;?: 50% SF) may contribute to many human health problems,
such as coronary heart disease (CHO), hypertension, diabetes, arthritis, psoriasis,
ulcerative colitis, and cancer (Kuller, 1983; Vanderveen, 1996). Clinical studies have
indicated a positive correlation between high cholesterol or TG levels in the blood and the
risk of CHO by atherosclerosis (Kuller, 1983). While blood cholesterol levels above 250
mg/dl are considered a danger signal for a heart attack; the ratio of high density
lipoprotein (HDL) to low density lipoprotein (LDL) may be even more important (Kuller,
1983). However, dietary guidelines from the American Heart Association (AHA) still
recommend total cholesterol reduction via diet (Vanderveen, 1996). There are essentially
two ways to modify a diet to reduce the blood cholesterol level: reduce total calorie intake
and change the intake of saturated to unsaturated fats (Kuller, 1983; Vanderveen , 1996).
The AHA has recommended a ratio of 1:1:1 of SFA: MUFA: PUFA intake in the dietary
fats; this ratio shows a 5 to 10% decrease in blood cholesterol levels for many people
(Nawar, 1985; Noakes et al., 1996; Vanderveen, 1996). Diets low in SF have long been
the first line of treatment for moderately elevated cholesterol levels; in addition, replacing
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SF with monounsaturated fat in the diet also can have a positive impact on lowering the
risk of CHD (Kuller, 1983; Vanderveen, 1996). A standard feature of such diets is
restricting the intake of butter and MF, and partly replacing them by fats of vegetable
origin, including margarines (Noakes et al., 1996; O'Donnel, 1989; Vanderveen, 1996;
Zock and Katan 1997)
Generally, bovine MF contains 70% SF, the reason decreased intake of dairy
products or consumption of low-fat dairy products are recommended (O'Donnel, 1989;
Vanderveen, 1996). In the U.S. diet, more than one third of calories are provided by fat;
however, MF provides only 10 to 15% of the average dietary fat with approximately 12%
of the dietary cholesterol (O'Donnel, 1989). It is important to note that there is evidence
to indicate that dietary SFA are not equal in their effects on plasma cholesterol in humans
(Noakes et al., 1996; O'Donnel, 1989). The hypercholesterolemic effects of SF in human
diets are largely due to lauric (C12:0), myristic (C14:0), and C16:0; but C18:0 is as
effective as cis-C18:1 in reducing plasma cholesterol (Noakes et al. , 1996; O'Donnel,
1989; Zock and Katan 1997). Therefore, the ideal nutritional MF would contain 10%
PUFA, 8% SFA, and 82% MUFA (Grummer, 1991 ; O'Donnel, 1989).
Margarines have a healthy image for a long time because they are lower in SFA
and cholesterol than butter (Zock and Katan, 1997); regular butter contains 50.49% SFA
in its total lipid and 219 mg cholesterol in 100 g butter and hard margarine also provides
15.1% SFA and 165 mg phytosterols (USDA 1979a; 1979b). However, new findings on
the effects of trans FA on blood lipoprotein have thrown doubts on the value of
margarines for improving the lipoprotein risk profile (McDonald and Mossoba, 1996; Zock
and Katan, 1997). Dietary trans-FA raise LDL cholesterol and lower HDL cholesterol in
humans (Mensink et al. , 1992); some epidemiologic studies also indicate that high intakes
of trans-FA increase CHD risk (Willet and Ascherio, 1994; Zock and Katan, 1997). From
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the findings in experimental animals, trans-FA may be more lipidemic than their cis
counterparts but they are not more atherogenic; moreover, their action on serum lipids
seems to resemble that of SF (McDonald and Mossoba, 1996; Mensink et al., 1992; Zock
and Katan, 1997). In studies of trans-FA, trans-FA and saturates produced similarly high
levels of LDL cholesterol in plasma, but trans-fatty acids lowered HDL cholesterol
(McDonald and Mossoba, 1996). Therefore, the total to HDL cholesterol ratio was not
significantly changed between butter (51 g SFA and 3 g trans-FA in 100 g sample) and
hard margarines (20 g SFA and 34 g trans-FA in 100 g sample), but soft margarines (20 g
SFA and 18 g trans-FA in 100 g sample) did significantly reduce the total to HDL
cholesterol ratio (Zock and Katan, 1997). This ratio is probably the best blood lipid
predictor of CHO, and high values are associated with markedly increased risk (Zock and
Katan, 1997). However, the knowledge of the SF content of dietary fats is not sufficient
to predict their effect on CHO risk (Willet and Ascherio, 1994; Zock and Katan, 1997).
Zock and Katan (1997) reported that changes in the percent energy intakes (0 to 45%)
from SF through substitution of margarine (18% SFA) for butter (51% SFA) predicted 46%
of the variance of the change in total cholesterol but none of the variance in the total to
HDL cholesterol ratio. From CHO risk prediction, each 0.6 mmol/L decreased in total or
LDL cholesterol reduced CHO risk by 50% at age 40 (Zock and Katan, 1997). Based on
these figures, substituting 10% of calories or 30 g of margarine for butter in 2200 kcal diet
would reduce CHO risk by 9-16% for hard and by 17-21 % for soft margarine (Zock and
Katan, 1997).
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BIOSYNTHESIS OF MILK LIPIDS IN RUMINANTS

The FA of milk lipids are derived from two major sources: synthesis de novo in the
mammary gland and uptake from the circulating blood (Grummer, 1991; Swaisgood,
1985; Walstra and Jenness, 1984a). The composition of the FA from these two sources
is usually very different (Hartfoot and Hazlewood, 1988). Acetate and P-hydroxylbutyrate
originating from ruminal fermentation are the major carbon sources for de novo FA
synthesis; and, de novo synthesis results in C4:0 to C16:0 (Grummer, 1991; Walstra and
Jenness, 1984a). One-half of the initial four carbons are derived directly from the

P-

hydroxylbutyrate and the others are derived via synthesis from the acetate (Grummer,
1991). Almost all of the C4:0 to C14:0 and one-half of the C16:0 in milk are derived from

de novo FA synthesis; the remaining C16:0 and almost all of the longer-chain FA are
derived directly from the circulating blood lipids (Grummer, 1991; Hartfoot and
Hazlewood, 1988; Walstra and Jenness, 1984a).
Approximately one-half of MF synthesized can be derived from plasma lipids
whereas 88% of blood FA originates from a diet intake and 12% is endogenous
contribution (Grummer, 1991). Blood lipids may be derived from digestion and absorption
of dietary fat or from mobilization of FA from adipose tissue (Hartfoot and Hazlewood,
1988). Dietary fat is incorporated into chylomicrons through intestines (Hartfoot and
Hazlewood, 1988; Walstra and Jenness, 1984a). The majority of FA present in the diet
may be saturated in the rumen, and incorporated into chylomicron triglyceride; some of
these FA may also be incorporated into chylomicron phospholipid and cholesterol ester
(Hartfoot and Hazlewood, 1988). The FA mobilized from adipose tissue initially
complexes to albumin and may be utilized by a wide variety of tissues including the
mammary gland (Hartfoot and Hazlewood, 1988). The FA entering the liver may be
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oxidized or esterified to glycerol to form triglycerides, which can be stored or exported as
part of low density lipoproteins or VLDL (Hartfoot and Hazlewood, 1988; Walstra and
Jenness, 1984a).
The absorbed lipid fractions are assembled into lipoprotein particles in the
enterocyte, and the two primary lipoproteins are chylomicrons and VLDL (Glascock and
Welch, 1974; Hartfoot and Hazlewood, 1988). The TG transport is accomplished through
these lipoprotein fractions (Hartfoot and Hazlewood, 1988). In ruminants, FA absorbed
are predominately incorporated into VLDL rather than the chylomicrons, whereas the
opposite is true for non-ruminants (Glascock and Welch, 1974; Hachey et al. , 1987).
Lipid absorption in ruminants is a continuous process that operates at a slow rate;
therefore, surface film synthesis (phospholipids, cholesterol, and apoproteins) in ruminant
enterocytes is synchronized with synthesis of core material-TG and small VLDL particles
result (Glascock and Welch, 1974; Hartfoot and Hazlewood, 1988). Also, FA absorbed in
ruminants are highly saturated, and SFA favor synthesis of VLDL, while USFA result in
synthesis of chylomicrons (Hartfoot and Hazlewood, 1988). In ruminants, the TG of VLDL
and LDL are quantitatively important to provide FA for the MF synthesis (Glascock and
Welch, 1974). The uptake ofTG of the VLDL and chylomicrons in the blood by mammary
tissue involves hydrolysis of the TG by a lipoprotein lipase (LPL) at the capillary
endothelium, and a significant portion of the hydrolyzed FA are taken up by the mammary
gland (Barry et al., 1963; Hachey et al., 1987). The hydrolysis of TG is regarded as a
prerequisite to the uptake of lipid by mammary epithelial cells; however, the mechanism
of transport of the resultant FA and monoacylglycerols (MG) through the endothelial layer
is not known (Barry et al. , 1963; Scow et al., 1979). Plasma non-esterified FA are also
incorporated into MF; however, net uptake of this fraction is typically low, probably due to
the incomplete uptake of FA resulting from LPL hydrolysis of lipoprotein TG (Barry et al.,
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1963; Glascock and Welch, 1974; Scow et al., 1979).
Prolactin has been implicated in the suppression of lipoprotein lipase activity in
adipose tissue and the enhancement of mammary gland lipase during lactation (Zinder et
al., 1974). These reciprocal changes in lipoprotein lipase activity in mammary gland and
adipose tissue ensure that circulating TG are directed towards lipogenesis in mammary
tissue during lactation and are less available for lipid storage (Camps et al. , 1990). All
the C18 FA are derived from plasma sources so that mammary tissue appears to be
unable to elongate C16:0 (synthesized from acetate) to C18:0; moreover, there is
extensive desaturation of the C18:0 entering the ruminant mammary gland to C18: 1 by a
desaturase located in the microsomes (Grummer, 1991 ; Moore and Christie, 1981).
The FA composition of a typical dairy diet is drastically different from the
composition of MF (Grummer, 1991 ; Hartfoot and Hazlewood, 1988; Moore and Christie,
1981). The FA synthesized by ruminal microorganism, endogenous FA of adipose origin,
and FA synthesized de novo in mammary tissue serve to dilute dietary FA prior to
incorporation into MF (Grummer, 1991). Two major metabolic events alter the
characteristics of consumed FA; hydrolysis of dietary esterified FA is followed by
hydrogenation of USFA by ruminal microorganisms (Hartfoot and Hazlewood, 1988;
Moore and Christie, 1981). Consequently, tissue and milk FA of dairy cow are more
saturated than in the diet (Moore and Christie, 1981). However, the second metabolic
event of importance is intestinal and mammary desaturase activity that functions to
convert SFA to MUFA (Hartfoot and Hazlewood, 1988). This helps offset the extensive
hydrogenation that occurs in the rumen and probably ensures sufficient fluidity of MF for
efficient secretion from the mammary cell (Hartfoot and Hazlewood, 1988).
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Fatty Acid Biosynthesis in the Mammary Gland
Essential to the FA biosynthesis in the mammary gland is a carbon source in the
form of acetyl-CoA and reducing equivalents as nicotinamide adenine dinucleotide
phosphate reduced (NADPH) forms (Stryer, 1995). Precursors for FA synthesis in
ruminants differ from those for non-ruminants (Moore and Christie, 1981 ). In nonruminants the primary precursor to supply acetyl-CoA is glucose (Stryer, 1995). However,
in ruminants little glucose is normally available for lipogenesis, and acetate and

13-

hydroxybutrate are important substrates (Hartfoot and Hazlewood, 1988). Ruminant
mammary tissue utilizes acetate for FA synthesis; the large amounts of acetate,
propionate, and butyrate are produced by the fermentation of dietary carbohydrates in the
rumen (Hardwick et al., 1963). In these compounds, only acetate is available to nonhepatic tissues as an energy or carbon source for biosynthesis, although

13-

hydroxybutrate formed from butyrate is also available (Hardwick et al., 1963). Sources of
reducing equivalents also differ between ruminants and non-ruminants (Moore and
Christie, 1981). In non-ruminants NADPH is generated through the pentose cycle as well
as the malate transhydrogenation cycle (Moore and Christie, 1981). However, in
ruminants the transhydrogenation cycle is insignificant and one-fourth of the NADPH is
generated by cystolic NADP-isocitrate dehydrogenase, which allows generation of
NADPH from oxidation of acetate (Hardwick et al., 1963).
The reaction sequence leading to FA synthesis is initiated by the transfer of acetyl
and malonyl groups from CoA esters to serine residues (loading sites) on the polypeptide
of the acyl transferase domain of fatty acids synthetase (FAS); therefore, the transfer of
acetyl and malonyl groups may involve two specific transferases (Wakil et al., 1983). In
addition, the acetyl transacylases of bovine FAS also utilize butyryl-CoA, acetoacetylCoA, and crotonyl-CoA (Dodds et al., 1980). The acetyl group is then transferred from its
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loading site via pantetheine-SH to cysteine-SH of the f3-ketoacylsynthetase while the
malonyl group is transferred from the loading site to pantetheine-SH (Dodds et al., 1980).
Condensation between the acetyl and malonyl group is followed by a reduction, a
dehydration, and a second reduction; the NADPH is a reductant in these steps (Bloch and
Vance, 1977). The sequence of chain elongation is started after transfer of butyryl group
to cysteine-SH of f3-ketoacylsynthetase and transfer of a further malonyl group from the
loading site to 4'-phosphopantheine-SH (Bloch and Vance, 1977). After the sequence of
chain elongation, palmitoyl is linked to 4'-phosphopantheine, which is hydrolyzed to C16:0
by thioesterase component of the FAS (Bloch and Vance, 1977; Wakil et al., 1983). The
C16:0 is the main product of most mammalian tissue FAS because of specificity of the
thioesterase towards palmitoyl-CoA, which has been released from 4'-phosphopantheine
by palmitoyl transferase (Wakil et al., 1983).
The ruminant mammary gland produces short-, medium-, and long-chain FA
(Moore and Christie, 1981). Purified FAS from goat mammary gland produces only shortand long-chain FA, but synthesizes and releases medium-chain acyl-CoA esters provided
that the acyl-CoA produced is used by an accompanying TG synthesis or when acyl-CoA
complex agents such as albumin are added (Grunnet and Knudsen, 1979). At medium
chain length, the loading transacylase is involved in the termination of FA synthesis, thus
functioning as a medium chain acyltransferase, releasing acyl-CoA esters (Grunnet and
Knudsen, 1979). On the other hand, the synthesis of butyryl-CoA, and to a lesser extent
hexanoyl-CoA, is achieved without the addition of acyl-CoA-utilizing or complex agents
(Grunnet and Knudsen , 1981). In addition to acetyl-CoA, butyryl-, crotonyl-, acetoacetyl-,
and hexanoly-CoA are effective substrates for mammary gland FAS (Grunnet and
Knudsen, 1979; Mikkelsen et al. , 1985).
The apparent coupling of the reactions of the FAS and TG synthetases has
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implications for short- and medium-chain FA synthesis as these FA occupy the sn-2 and
sn-3 positions of TG in ruminant milk; whereas the sn-1 position, which is the first to be
acylated during TG biosynthesis, contains long-chain FA (Moore and Christie, 1981).
Consequently, the extent of synthesis of short- and medium-chain FA is dependent on the
availability of sufficient long-chain fatty acyl-CoA for the initial acylation of the sn-1
position of glycerol-3-phosphate (Marshall and Knudsen, 1977). The glycerol-3phosphate (G-3-P) pathway is the major route to TG biosynthesis in the mammary gland,
which utilizes sn-G-3-P and acyl-CoA as substrates; moreover, the three transferases
such as sn-G-3-P acyl transferase, 1-acyl sn-G-3-P acyl transferase, and 1,2diacylglycerol acyl transferase, are closely associated in the microsomal fraction and are
referred to as the TG synthetase (Marshall and Knudsen, 1977; Moore and Christie,
1981). The remaining enzyme required for TG synthesis (phosphatidate phosphatase) is
less firmly associated with the endoplasmic reticulum and partly cytosolic (Marshall and
Knudsen, 1980).

APPLICATIONS TO MODIFY MILK FAT

Typical MF from a dairy cow contains approximately 5% PUFA including ro-3 fatty
acids, 70% SFA, and 25% MUFA (Padley et al., 1986). The difference in FA composition
between the ideal (10% PUFA, 8% SFA, and 82% MUFA) and typical MF is enormous;
even the most extreme modification of diets of lactating cows will not result in secretion of
MF that is close to the ideal MF (Grummer, 1991; O'Donnell, 1989). The C18:1 content
needs to be increased by 50 to 80%; it may approach 50% of milk FA if lipids rich in C18
FA are fed (Grummer, 1991). However, the degree of unsaturation of dietary C18 FA is
not critically influencing in MF C18: 1 level because of ruminal hydrogenation and
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intestinal and mammary desaturase activity (Grummer, 1991; Hartfoot and Hazlewood,
1988).
To change and improve milk FA composition to some extent through dietary
modification and genetic manipulation of the dairy cow are possible (Gibson, 1991;
Grummer, 1991). In addition to these biological processes, the milk FA can be also
modified after separated MF from bovine milk by MF fractionation, other physical (cream
tempering, and butter tempering and reworking), and hydrogenation and interesterification
of chemical processes (Kaylegian and Lindsay, 1995a; Kleyn, 1992). The MF has been
fractionated to improve the functional properties of MF (Kaylegian and Lindsay, 1995a).
The three major fractionation methods; crystallization from melted MF; crystallization of
MF dissolved in a solvent solution; and supercritical fluid extraction can change MF
composition (Kaylegian and Lindsay, 1995a). Also, other technologies, such as chemical
hydrolysis, interesterification, triglyceride and FA distillation, crystallization, randomization ,

cisltrans-isomerization , hydrogenation, dehydrogenation, and polymerization can change
the MF components; several of these technologies are used in the vegetable oil and
margarine industry as well as in the European dairy industry (O'Donnell, 1989).
In MF fractionation, MF is separated into fractions based on crystallization
behavior, solubility, and volatility (Deffense, 1993; Rajah, 1992). The most common
methods of MF fractionation are crystallization from melted MF and solvent solution;
these methods are temperature-driven crystallization process (Deffense, 1993). A broad
melting range of MF (-40 to 40°C) provides many opportunities to create numerous MF
fractions by crystallization at selected temperatures and then separating the solid and
liquid fractions (Deffense, 1993). Additionally, individual fractions can be recrystallized,
providing subfractions with more homogeneous composition than previous fractions
(Rajah, 1992). The crystallization processes employed for the fractionation from pure and
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melted MF can be divided into four general steps: preparation of MF starting material
(heating to 60°C for 30 min); cooling to the desired temperature; crystallization; and
separation of solid phase from the liquid phase (Kaylegian and Lindsay, 1995a). The
crystallization of MF during fractionation is affected by cooling rates (0.005 to 2°C/min),
agitation rates (0 to 120 rpm), fractionation temperatures (34 to 17 °C for single-step and
34 to 4.5°C for multiple-step fractionation), and crystallization times from Oto 48 hr (Grall
and Hartel, 1992; Kaylegian and Lindsay, 1995a). Single- and multiple-step fractionation
procedures are used to fractionate MF; both solid and liquid fractions can be
refractionated (Deffense, 1993; Rajah, 1992). Single-step fraction yields one solid and
one liquid fraction from a single batch of MF at a selected temperature; as fractionation
temperature decreases, the yield of the solid fraction increases (Deffense, 1993). The
increase in yield is caused by increases in MF viscosity and results in decreased in
separation efficiency at lower temperatures; therefore, temperature limitations exist with
single-step fractionation (Kaylegian and Lindsay, 1995a). In multiple-step fractionation,
two or more solid fractions and one liquid fraction are produced from each batch of MF;
this latter process is initiated at the highest desired temperature, and the liquid fraction is
refractionated at a lower temperature (Deffense, 1993; Kaylegian and Lindsay, 1995a).
The crystallization processes employed for the fractionation from solvent solution
involves the same basic principles as fractionation from melted MF; but the solvent must
be removed from the different fractions (Deffense, 1993; Kaylegian and Lindsay, 1995a).
The MF has been fractionated by crystallization from acetone, ethanol, isopropanol,
pentane, and hexane solution (Deffense, 1993). Acetone is the most commonly used
solvent for MF fractionation; furthermore, fractionation temperatures are dependent upon
the solvent employed because of differences in the solubility of MF in the solvents
(Deffense, 1993; Kaylegian and Lindsay, 1995a).
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Biological Processes to Modify Milk Fat
Genetic manipulation of the dairy cow for the purpose of the modification of MF
can be accomplished by natural genetic selection or through transgenic approaches
(Gibson, 1991; Yorn and Bremel, 1993). There is sufficient genetic variation among cattle
breeds and species to effect gradual changes in MF composition through natural
selection; it involves correlating differences in genes between cows with specific
production traits and then using the information in breeding programs to increase the
number of cows with the more desirable gene in the dairy population (Gibson, 1991). In
essence, conventional breeding has applied this genetic modification but without
knowledge of the actual genes being selected (Gibson, 1991). New approaches involving
marker assisted selection that promise more accurate selection for both known genes as
well as unknown genes linked to genetic markers are being developed (Yorn and Bremel,
1993). The transgenic approach to MF modification may yield more remarkable changes
in the MF composition than natural selection can; it may result in more nutritionally
attractive products (Yorn and Bremel, 1993). In the studies of transgenic approaches for
the modification of milk components, the reduction or extinction of key enzymes such as
acetyl-CoA carboxylase, could lead to a dramatic reduction in the fat content of the milk
from cows with lower feed requirement; this would result in reduction of operating costs
for the milk producers (Yom and Bremel, 1993).
Many studies have shown that the chemical composition of MF can be changed
by altering the diet of the dairy cow (Grummer, 1991; Padley et al., 1986). These
changes also yield changes in the physical and nutritional properties of MF (Grummer,
1991 ). However, the extent of these changes affected by the diet of ruminants appears
to be influenced by stage of lactation; roughage-to-concentrate ratio; fat content of the
basal diet; and composition and physical form of fat added to the diet (Grummer, 1991;
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Hartfoot and Hazlewood, 1988). Feeding studies have been conducted to evaluate the
effects of seasonal diets and dietary energy levels {Grummer, 1991 ; Sutton, 1989). The
supplementation of ruminant diets with fats to achieve increased energy intake is limited
because fats at concentrations above 5 to 7% of the basal ration impair digestion and
metabolism in the rumen and reduce feed intake {Hartfoot and Hazlewood, 1988).
However, extensive studies have been conducted on the supplementation of the diet with
a variety of fat sources, including saturated and unsaturated fats, oils and oilseeds, and
protected and unprotected lipids {Grummer, 1991 ; Sutton, 1989).
Saturated and unsaturated fats. Under normal dietary conditions, C16:0, C18:0,
and C18:1 are the major FA taken up by the mammary gland from the blood TG {Moore
and Christie, 1981). The inclusion of each of these FA at a level of 10% of the
concentrate fraction in a high-roughage diet, significantly increased the yield of the added
FA in MF; these effects reflect the increased blood concentration and uptake of the
supplemented FA {Steele and More, 1968c; 1968d). The inclusion of C12:0 and C14:0 in
high-roughage diets also led to increases of these FA in MF presumably replacing a
proportion of C16:0, C18:0, and C18:1 normally absorbed from blood {Steele and Moore,
1968c; 1968d). The addition of C18:0 also leads to an increased of C18:1 in MF from
22.25% to 30.86% in total lipids presumably as a result of desaturation of C18:0 in the
mammary gland or liver {Steele and Moore, 1968c; 1968d). The supplementation of diets
with individual FA has a variable effect on the overall yield of MF; C18:1 causes a
decrease in the yield of MF from 413 g/day (basal) to 306 g/day (basal plus C18:1), C16:0
and C18:0 significantly increase it from 364 g/day (basal diet) to 452 g/day (basal plus
C16:0) and 418 g/day (basal plus C18:0), while the inclusion of C14:0 has no significant
effect {Steele and Moore, 1968c; 1968d). Exogenous C12:0 and C18:1 to dispersed
mammary gland cell activity, inhibiting C6 to C14 SFA synthesis de novo; however,
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adding C16:0 stimulates the activity on the synthesis de nove with reducing yields of
some medium-chain FA slightly (Hansen and Knudsen, 1987).
Fats and oils. These contain a variety of constituent FA, generally show the
following effects of FA concentration in MF. Levels of C6 to C14 FA decrease and
amount of C18:0 and C18:1 increase, but polyunsaturated C18 FA levels do not change
(Moore and Christie, 1981). These trends are the same over wide ranges in the
proportion of roughage to concentrate in the basal diets and are generally maintained
whether the added fat or oil contains predominantly SFA or USFA (Banks et al., 1976;
Smith et al. , 1981; Steele and Moore, 1968a; 1968b). Furthermore, the magnitude of
each trend generally increases as the level of supplementation increases (Banks et al. ,
1980; Depeters et al., 1985; Storry et al., 1973). When cottonseed or soybean oils are
fed as supplements, the lack of an appreciable increase in the yields of polyunsaturated
C18 FA in MF is consistent with the hydrogenation of these FA by rumen microorganisms
(Mohammed et al. , 1988; Smith et al. , 1981). Mohammed et al. (1988) reported that diets
containing 4% soybean oil increased the amounts of C18:0 (13.7% to 16.3%), C18:1
(23.1% to 40.4%), and C18:2 (1.53% to 2.48%) in bovine MF. Also, approximately same
levels of changes in C18 FA in bovine MF were observed in this experiment when same
amounts of cottonseed oil fed (Mohammed et al., 1988). The increased yields of milk
C18:0 and C18:1 could result either directly from the increased dietary intake of these FA,
or indirectly through ruminal hydrogenation of dietary containing C18 USFA in highly
unsaturated oils (Steele and Moore, 1968a; 1968b; Storry et al., 1973). The addition of
C18:0 or C18: 1 at a level of 10% of the concentration fraction in dietary supplements
increased levels of C18:0 (10.44% to 19.38%) or C18:1 (23.97% to 43.46%) in bovine MF
(Steele and Moore, 1968a; 1968b); the inclusion of the same level of tallow in dietary
supplements also increased levels of C18:0 (4.93% to 11 .20%) and C18:1 (15.10% to
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31.47%) in bovine MF (Stony et al., 1973). Additionally, increased C18:1 could arise
through desaturation of C18:0 in the mammary gland (Moore and Christie, 1981).
Decreased levels of the C6:0 to C14:0 in MF are presumably due to a depression of
intramammary synthesis of these FA (Moore and Christie, 1981). The possible cause of
decreased FA synthesis in the mammary gland is inhibition of acetyl-CoA carboxylase
and FA synthetase by long-chain FA (Banks et al. , 1990). In this regard, trans C18:1 is a
potent inhibitor of FA synthesis de novo (Banks et al., 1990). Milk C16:0 is derived from
intra- and extra-mammary sources; therefore, its yield in MF will depend upon a balance
between depression of intramammary synthesis and increased transfer of C16:0 from the
blood (Banks et al. , 1990). The inclusion of fat in the cow's diet generally produces a
reduction in overall yield of C16:0 in the milk (Banks et al. , 1990). However, when fats
containing high proportions of C16:0 (palm oil and tallow) are added to the diet, variations
in yield are slight (Stony et al. , 1968; 1973). Coconut oil contained about 50% C12:0 and
8% C18 FA does not follow the above trends; its inclusion in diets increases the yield of
C12:0 but causes no significant increase in C18:0 or C18:1 in MF (Storry et al., 1971).
Oilseeds. Researchers through feeding studies also have evaluated the effect of
whole oilseeds (Banks et al., 1980; Casper et al., 1988; Grummer, 1991; Mohammed et
al., 1988). Feeding soybean oil (4% dry matter base) in the free form as a fat supplement
in the diet of cows depressed the amount of MF secreted (3.53% to 2.75%); however,
when the same amount of oil was given in the form of whole soybeans, MF yield was
maintained (Mohammed et al. , 1988). Steele et al. (1971) proposed that when cows are
fed whole soybeans the release of oil into the rumen will be slower than when free
soybean oil is fed. Similarly, the yield of MF is either maintained or increased when cows
are fed whole cottonseed as a fat supplement, while cottonseed oil generally has a
depressing effect (DePeters et al., 1985; Smith et al., 1981 ; Mohammed et al. , 1988).
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The depressing effect was also found in MF from cows fed diets containing 20% regular
(3.14% to 2.43%) or high oleic sunflower oils (2.92%); regular and high oleic sunflower
seeds contained different levels of C18:1 (19.68% and 79.03%) and C18:2 (67.46% and
10.71%), respectively (Casper et al. , 1988). The amounts of C18 FA in MF from cows fed
the oilseeds increased C18:0 from 8.1% (control) to 12.2% (regular sunflower seeds or
RSFS) and 13.1% (high oleic sunflower seeds or HOSFS), C18:1 from 21.1% (control) to
37.0% (RSFS) and 34.2% (HOSFS) respectively, but the levels of C18:2 in MF cows fed
high oleic sunflower oil decreased from 2.2% to 1.9% (Casper et al., 1988). Furthermore,
the levels of trans-C18: 1 in MF from cows fed RSFS was significantly higher than in those
fed HOSFS (Casper et al., 1988). The inclusion of SFA in the free form in the diet of
cows either maintains or increases the amount of MF secreted; moreover, the moderate
amounts (6 to 8% of concentrate fraction of the diet) of saturated fats may give
appreciable increases in MF yield whereas the moderate amounts of polyunsaturated oils
may result in reduced or unchanged yields (Banks et al. , 1990).
Protected lipids. There are four main processes that have been used to protect
fat from ruminal metabolism: encapsulation of TG in a matrix of aldehyde treated protein;
formation of Ca-salts of SFA or monounsaturated FA; pelleting of hydrogenated oils and
small amounts of starch to form prilled fat supplement; and extrusion of vegetable oil
seeds (Grummer, 1991 ; Gulati et al. , 1997b). The degree of metabolism of these four
different fat sources varies from 15 to 95%: for untreated oil, extruded oil seed, and prilled
fat supplements, the degradation values for dietary C18:2 were 95, 70, and 65%
respectively; the hydrogenation of Ca salts of C18 MUFA as mixed with C16 and C18
SFA was 45%; and , the lowest degree of metabolism(< 20%) occurred with the TG
embedded in a matric of aldehyde-treated protein (Gulati et al. , 1997b).
1) Calcium salts oils. Ca-salts of FA fed to cows at levels of 5 or 6% in the diet
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achieved a significant increase in MF yield ; however, the depressing effect was evident at
a level of supplementation of 9% of the diet (Schauff and Clark, 1992). Supplementing
the cows' diet with Ca-soap of palm FA (4% dry matter base) or rapeseed FA (4% dry
matter base) decreased the proportions of C4:0 to C14:0 in MF from 25.7% (control) to
19.3% (Ca-palm FA) or 18.3% (Ca-rapeseed FA) and increased cis-C18:1 from 2.19%
(control) to 26.7% (Ca-palm FA) or 28.5% (Ca-rapeseed FA), respectively (Enjalbert et
al., 1997). In addition, the rapeseed oil containing diet lowered the C16:0 (28.3% vs.
22.9%), and increased the C18:0 (11 .3% vs. 14.2%) and trans-C18:1 (2.9% vs. 5.3%)
respectively (Enjalbert et al., 1997). Ferlay et al. (1992) also found the same trends in MF
from cows fed Ca-salts of palm oil (650 g/day) or rapeseed oil (650 g/day). Fed dairy
cows with diets containing 3.2% (dry matter base) Ca-salt of long chain FA (Megalac®)
decreased the percentage of short-chain FA (C4:0 to C14:0) and increased the
percentage of long-chain FA (C16:0 to C18:3) in MF (West and Hill, 1990). Furthermore,
increasing the dietary concentration of Mega lac® (0 to 9%) decreased the proportion of
the short chain FA and C14:1 in MF but the percentages of C4:0 and the long-chain FA
were not affected by the amounts of Ca-salt long chain FA (Schauff and Clark, 1992).
Supplementing the cows' diet with 4% (dry matter base) Ca-soap of canola oil, soybean
oil, or linseed oil decreased the proportions of SFA (C6:0 to C16:0) in MF and increased
C18:0, cis- , and trans-C18:1 (Chouinard et al., 1998). The Ca-salt or Ca-soap diets did
not result in a marked increase of PUFA in MF (Chouinard et al., 1998; Enjalbert et al.,
1997; Schauff and Clark, 1992; West and Hill, 1990). Dairy cows fed 1.7 kg Ca-soap of
high oleic sunflower oil (HOS-Ca) per day increased the percentage of cis-C18:1 in MF
from 22.9% to 35.2% and decreased medium-chain (C12-C16) SFA from 40.7% to
31.4%; MF percentage decreased lineally with increasing amounts of HOS-Ca fed (Lin et
al., 1996b). Therefore, cows fed HOS-Ca would produce more nutritionally favorable milk
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than those from other Ca-salt feeding studies (Grummer, 1991 ; Lin et al., 1996b).
2) Formaldehyde protected oils. The most extreme changes in milk FA
composition and greatest ability to change FA composition selectively have been
obtained by feeding oils mixed with protein and treated with formaldehyde {McDonald and
Scott, 1977). Oil sources have varied among different studies and the protein source has
typically been either casein {Bitman et al., 1972; Plowman et al., 1971) or the protein
associated with the oil as part of the seed (Ashes et al., 1992; Wrenn et al., 1975). The
technique has been used mainly to exam the feasibility of increasing the C18:2 and C18:3
in MF {Grummer, 1991). Feeding protected sunflower or linseed oils has resulted in
C18:2 or C18:3 content of MF being as high as 35 or 22%, respectively {McDonald and
Scott, 1977). Efficiency of C18:2 or C18:3 transfer from diet to milk has increased from
less than 5% when feeding unprotected oil to approximately 35 to 42% when feeding
protected oils (Bitman et al., 1972; Plowman et al. , 1971). In most feeding trials in which
diets have been supplemented with protected fats, there is a considerable increase in the
daily yield of MF and amounts 15 to 30% greater than that from control diets have been
recorded (Pan et al. , 1972; Plowman et al., 1971). This is a consequence of the direct
absorption of large quantities of long-chain FA, coupled with a reduction in the depression
of intramammary synthesis normally associated with the inclusion of non-protected fat
supplements in the diet (Christie, 1979). Occasionally, feeding trials involving protected
fat have not produced an increase in MF yield (Christie, 1979). Inadequately protected fat
or supplements containing trans C18:1 may offer explanations for this response {Banks et
al., 1984; Bitman et al., 1972).
3) Alternate of formaldehyde protected oils. Formaldehyde {CH 20) treatment has
not been adopted for production of protected supplements for ruminants in the U.S.,
because of the toxicity and carcinogenicity of formaldehyde (Grummer, 1991 ).
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Epidemiological studies (Blair et al. , 1985) showed that formaldehyde causes a wide
range of health problems in humans and animals. Acetaldehyde (C2 H40} and diacetyl
(C4 H60 2) have been used as alternate protective agents instead of formaldehyde (Dje,
1994; Newberry, 1990), because both acetaldehyde and diacetyl are able to bind proteins
and are nontoxic compounds. Newberry (1990) successfully protected soybean oil in a
diacetyl treated spray dried soybean protein-casein complex from biohydrogenation when
incubated with rumen fluid in vitro. Dje (1994) fed a soybean-casein-oil gel complex
treated with formaldehyde , acetaldehyde, or diacetyl to ewes and showed that levels of
C18:2 in blood stream were increased (P < 0.05) by 41% (formaldehyde), 42%
(acetaldehyde), and 29% (diacetyl) compared to a control diet, also the levels of C18:2 in
the ewe milk increased (P < 0.05) by 114, 52, and 43% for formaldehyde, acetaldehyde,
and diacetyl, respectively, in relation to the control diet. Diacetyl (2,3-butanedione) , has a
molecular weight of 86.09 g, a density of 0.990 g/mL, a boiling point of 88°C , and a
yellowish-green liquid with a quinone odor (Anonymous, 1983). The oral LD50 of diacetyl
is 1580 mg/kg in rats (Anonymous, 1983). The 2,3-butanedione is an important flavor
component in foods such as butter, vinegar, coffee, and other foods , and is produced by
bacteria (Anonymous, 1983).

LIPID COMPOSITION OF HIGH-OLEIC SUNFLOWER OIL

Sunflower seed generally contains 43% oil, 20% protein, 16% fiber, 4.2% ash, and
36% hull (Purdy, 1986). The percentage of each composition differs among varieties and
the different environments in which they are grown (O'Brein, 1998; Padley et al., 1986).
Two Russian scientists, Soldatov and Kharachenko, treated normal planting sunflower
seed (Peredovik) with the mutagen, dimethyl sulfate, and derived progenies (Perevenets)
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which were high in oleic contents and stable to different climatic growing conditions
(Purdy, 1986). ln the U.S., Fick (1983) selected the dominant genes from the Perevenet
variety and incorporated them into hybrids suitable for commercial production. In 1984,
high-oleic sunflower seed was grown commercially in the U.S. for the first time in
California, North Dakota, and Texas (Purdy, 1986). Purdy (1986) collected the high-oleic
seeds grown in these three areas and analyzed their chemical compositions; the
researcher observed very little difference in levels of either C18:1 or C18:2 among the oils
obtained from the three growing areas. In the high-oleic seed, C16:0 ranged from 2.7 to
4.2%, C18:0 from 4.2 to 5.0%, C18:1 from 80.5 to 86.0%, and C18:2 from 4.0 to 8.3%
(Purdy, 1986). Also, the major components of FA in crude regular and high-oleic
sunflower oils are listed in Table 4 (Padley et al., 1986).
Oxidative stability improvement, a major objective for developing high-oleic
sunflower oil (HOSO), was achieved with the reduction of C18:2 from 67.5 to 9.0%
(Purdy, 1986); therefore, HOSO is an adequate replacement for saturated fats for a
number of applications due to its high oxidative stability (O'Brien, 1998). Some
applications identified (O'Brien, 1998) are spray oil, retail and frying oil; an ingredient
protective coating for cereals, grains, fruit, nuts; shortening in baked products like
cracker, cookies, croutons, pie shells, and pizzas; bottled oil for general household
applications such as pan and deep fat frying, salads, sauces, gravies, and other where
creaming or aeration Is not required; a commercial liquid frying oil fro deep fat frying in
restaurants and industrial frying operations; and as an ingredient in prepared foods (salad
dressing, mayonnaise, margarine, sauces, and bakery mixes).
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Table 4 - Fatty acid composition of crude regular and high-oleic sunflower oilsa
Concentrations (wt % )
Fatty acids

Trisunb (high-oleic)

High-Oleic

Regular

C14:0

0.1

0.1

C16:0

5.5

3.6

C16:1

0.1

0.1

C18:0

4.7

4.9

4.0

C18:1

19.5

80.6

86.9

C18:2

68.5

8.4

4.4

C18:3

0.1

0.1

0.4

C20:0

0.3

0.4

C20:1

0.1

0.3

C22:0

0.9

1.2

C24:0
0.2
aPadley et al ., 1986
~risun RBWD high oleic sunflower oil from AC Humko
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0.3

3.0

UTILIZATION OF FEATHERS IN POULTRY INDUSTRY

Utilization of by-products from food industries for use in animal diets has been one
method by which the poultry industry has kept feed costs competitive to provide eggs and
poultry meat at relatively low costs to the consumer (Latshaw, 1990; Polin , 1992).
Inedible products from slaughter plants have been converted to edible food for poultry
(Polin , 1992). Dried poultry blood meal can be and is fed to ruminant animals (Blasi et
al., 1991 ), and at least part of the poultry feathers are hydrolyzed to feather meal, which
is also fed in limited amounts to cattle (Latshaw, 1990; Polin, 1992). In addition, poultry
feathers have been and continue to be used in clothing and bedding and for fly fishing
(Polin, 1992).
The percentage of feathers for poultry, based on the body weight, depends upon
the age and type of bird (Moran, 1977). Full-grown chickens, with live weight of 3.4-3.7
kg, are reported to have from 4.4 to 5.0% body weight as feathers, with younger chickens
having a lower percentage of about 3.7% (Moran, 1977). Feathers (Baker et al., 1981)
contain about 87% protein, which is primarily keratin (80-90%) . Keratin is classified as an
albuminoid or sclero-protein because it is insoluble in water, salt solution, dilute acids and
alkalis, and alcohol; the albuminoids are the least soluble of all of proteins (Han and
Parsons, 1991; Polin, 1992). Cystine is the predominant amino acid in feather protein(>
12% of total protein), which constitutes about 72% of raw feathers (Baker et al., 1981).
The cystine is converted to lanthionine when the feathers are subjected to heat and
pressure (Papadopoulos et al. , 1986). The cystine disulfide bonds within the feather
keratin is responsible for the inability of animals to digest poultry feathers, and for the
feathers to be broken down by bacteria in the rumen (Papadopoulos et al., 1986).
The methods of extracting feather keratin have been based generally on the
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breakage of disulfide bonds in the keratin molecule by oxidation or reduction , combined
with the use of dispersing reagents (Nagai and Nishikawa, 1970a; 1970b). Feather and
other keratins of different origin are soluble in sodium sulfide solution (pH 12), and these
solubilized keratins are precipitated in differing yields by adjusting the pH to 4.2 (Nagai
and Nishikawa, 1970a). Strong alkali is not widely used in protein treatment because of a
high sensitivity to amino acids (Nagai and Nishikawa, 1970a). A weak alkali treatment of
protein produced lanthionine from cysteine residues of the cystine containing protein
molecule, but cystine was formed when protein was treated with 1.0 N NaOH (Nagai and
Nishikawa, 1970b). Feather keratin was solubilized by 0.1 N NaOH heating at 90°C for
15 min (Nagai and Nishikawa, 1970a). Apparently, the alkali attacked the keratin
molecule producing modified free amino acids and water soluble protein fraction; the
remaining protein fraction was richer in methionine, lysine and glutamic acid , and was
poorer in threonine, serine, cystine and arginine than the original feather keratin (Nagai
and Nishikawa, 1970a).
Feather meal (FM), hydrolyzed poultry feathers, is a product resulting from the
treatment under pressure of clean, undecomposed feathers from slaughtered poultry free
of additives and accelerators (Blasi et al. , 1991 ; Latshaw, 1990; Papadopoulos et al.,
1986; Polin, 1992). The FM must have not less than 75% of its crude protein (CP)
content digestible by the pepsin digestibility method (AAFCO, 1988). The FM is prepared
by autoclaving or cooking the feathers and then driving off the excess water to create a
dry product that is ground to be free flowing (Blasi et al. , 1991; Papadopoulos et al. ,
1986; Polin , 1992). This process requires a closed pressure cooker in which the raw
feathers are subjected to live steam at 2.8-3.5 kg/cm 2 (40-60 psi) for 30-60 min at 1401530C; and, the pressure is removed and the slurry cooked for about one hour to remove
excess water (Latshaw, 1990; Polin, 1992). The hydrolyzed feathers are passed through
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a steam tube to remove any additional water, yielding a product with 6-8% moisture
(Latshaw, 1990; Polin , 1992). Finally, the feathers are ground to produce a free-flowing
meal and are packaged after having met the requirements of the Association of American
Feed Control Officials or AAFCO (Latshaw, 1990; Polin, 1992). The FM is high in protein
but has very low percentages of certain essential amino acids including histidine, lysine,
and methionine (Baker et al. , 1981; Protin, 1992). It is high in sodium, sulfur, and
selenium in relation to the concentrations in most feeds but is low in calcium and
potassium (Latshaw, 1990; Papadopoulos et al., 1986; Prolin, 1992). The FM has a low
but tolerable metabolizable energy value, and it is low in fiber (Blasi et al., 1991 ; Prolin,
1992). These nutritional characteristics create limitations for the use of FM in animal feed
(Blasi et al., 1991; Protin, 1992).

STRUCTURE, PROPERTY, AND REQUIREMENT OF VITAMIN C

The designation of the compound 2-oxo-L-threo-hexono-1,4-lactone-2,3-ene-diol
or vitamin C was changed to ascorbic acid or L-ascorbic acid in 1965 (Sharman, 1974).
Vitamin C was named ascorbic acid because it prevents and cures scurvy (Sharman,
1974). The chemical structure and some physical properties of ascorbic acid are given in
Figure 2 (Moser and Bendich, 1991). The molecule has an almost planar five-membered
ring; two chiral centers at position 4 and 5 determine the four stereoisomers (Figure 2).
Besides L-ascorbic acid, only erythorbic acid shows a limited level of vitamin C activity
(Figure 2). Dehydroascorbic acid, which retains vitamin C activity, is the oxidized form of
ascorbic acid and has a side chain that forms a hydrated hemiketal (Moser and Bendich,
1991).
Ascorbic acid is a white, crystalline substance existing in nature both as reduced
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Figure 2 - Isomers of ascorbic acid and vitamin C activity (Moser and Bendich, 1991).
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and the oxidized forms (Borenstein, 1972; Macrae et al. , 1993). It is moderately strong
reducing agent; the redox potential is +0.127 at pH 5 (Borenstein , 1972; Tannenbaum et
al., 1985). Crystalline ascorbic acid can be stored under normal laboratory conditions for
years with little change in activity (Borenstein, 1972). The L-ascorbic acid is a highly
soluble compound that has both acidic and strong reducing properties; these qualities are
attributable to its enediol structure, which is conjugated with the carbonyl group in a
lactone ring (Tannenbaum et al., 1985). Due to the enediol substructure (Moser and
Bendich, 1991 ), the proton on 0-3 is highly acidic (pK1 = 4.17). The reversible oxidation
to semidehydro-L-ascorbic acid and further to dehydro-L-ascorbic acid is the most
important chemical property of ascorbic acid and is the basis for its known physiological
activities (Cooke, 1974; Lewin, 1976). Degradation reactions of L-ascorbic acid in
aqueous solution depend on several factors, such as pH (4 - 6) , temperature, and the
presence of oxygen or metal like copper (Borenstein, 1972; Tannenbaum et al., 1985).
On standing, dehydro-L-ascorbic acid undergoes irreversible hydrolysis to 2,3,-diketo-Lgulonic acid, which is oxidized to oxalic acid and L-threonic acid (Lewin, 1976; Moser and
Bendich, 1991). In acidic solutions, the degradation proceeds in forming L-(+)-tartaric
acid, furfural, and other furan derivatives; alkali-catalyzed degradation results in over 50
compounds, mainly mono-, di-, and tricarboxylic acids (Lewin , 1976; Moser and Bendich,
1991). Oxalic acid exerts an inhibitory effect on the oxidation of ascorbic acid , probably
by chelating copper (Tannenbaum et al., 1985). The vitamin can also be stabilized in
biological samples with trichloracetic acid or metaphosphoric acid (Borenstein, 1972;
Tannenbaum et al. , 1985).
Ascorbic acid has a number of biochemical functions that are a consequence of
the ability of this compound to donate one or two electrons (Macrae et al., 1993); it is
required for the optimal activity of several enzymes involved in hydroxylation reactions
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and in the metabolism of several nutrients and pharmacological agents in the body
(Levine and Mortia, 1985). Recent studies show that ascorbic acid is essential in the
enzymatic amidation of neuropeptides leading to the formation of bioactive compounds in
the brain and peripheral nervous system; moreover, it also activates certain liverdetoxifying enzyme systems (Bates, 1981; Macrae et al. , 1993; Spector, 1981). In
addition to its importance in many enzymatic reactions, ascorbic acid can act directly as
an antioxidant to inactivate highly reactive oxygen species (Bendich, 1987). The
ascorbate radical is less reactive than oxy-radicals, and the ascorbate radical can be
either oxidized further to form dehydroascorbic acid or reduced to ascorbate (Bendich,
1987). The donation of the ascorbate electron to the tocopheryl radical restores the
antioxidant potential to vitamin E (Bendich, 1987). The third major biochemical activity of
ascorbic acid involves its capacity to compete with compounds for binding to substrates
(Moser and Bendich, 1991). This function is particularly important with regard to the
inhibition of the formation of carcinogenic nitrosamines (Mirvish, 1975; Walters, 1974).
Ascorbic acid has been shown to inhibit the formation of carcinogenic (Walters, 1974) as
well as mutagenic n-nitroso compounds in foods (Bauernfeind, 1978; Walters, 1981).
Ascorbic acid also helps prevent cardiovascular disease (Ramirez and Flowers,
1980). The mechanism thought to be involved in the ability of ascorbic acid to lower
cardiovascular risks include its role in cholesterol metabolism, effect on lipoproteins,
maintenance of the vascular wall integrity due to its requirement for synthesis (Ginter,
1974; Ginter and Bobek, 1981). It also has the ability to protect against free-radical
damage to lipids and other molecules due to its antioxidant function (Ginter, 1974; Ginter
and Bobek, 1981).
Additional, ascorbic acid prevents scurvy, one of the primary effects of which is
bleeding gums and loss of dentition. The mechanism by which vitamin C could protect
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gums from bleeding may involve its role in collagen formation and the maintenance of
basement membranes (Bates, 1981; Moser and Bendish, 1991). This is also the
rationale for the importance of vitamin C in wound healing (Levenson et al., 1971). Thus,
ascorbic acid has been shown to have numerous biochemical functions, which impact
upon the capacity of the immune system to function optimally (Bendich, 1987).
Ascorbic acid is a required essential nutrient for humans because of a lack of the
enzyme, L-gulonolactone oxidase (Kallner, 1981; Moser and Bendich, 1991); the level of
intake required is dependent on the body's handling of the nutrient (Kallner, 1981).
Approximately 300 mg/kg of ascorbic acid in the diet is required to prevent deficiency
symptoms (Kallner, 1981). Ascorbic acid occurs in significant amounts in vegetables,
fruits, and animal organs such as liver, kidney, and brain (Macrae et al., 1993). Potatoes
and cabbages are probably the most important sources of vitamin C for the majority of the
Western population (Moser and Bendich, 1991), at least during the winter season; but
only trace amounts of ascorbic acid are contained in milk, grains, and meat (Moser and
Bendich, 1991 ). In humans, ascorbic acid is absorbed by passive and active transport
mechanisms predominantly in the distal portion of the small intestine and to a lesser
extent in the mouth, stomach, and proxima intestine (Bates, 1981; Chatterjee, 1978).
The size of the body pool and the rate of turnover of vitamin C are used to estimate its
metabolic utilization, which are important criteria for assessment of vitamin C status
(Bates, 1981; Chatterjee, 1978). The U.S. Recommended Dietary Allowances (RDA) for
vitamin C was established in 1980 as 60 mg/day for adults of both sexes (RDA, 1980).
Since there is not complete agreement on the criteria for assessment of optimal health,
the required level of vitamin C has not been conclusively established (Kallner, 1981;
Moser and Bendich, 1991).
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CHAPTER ID

MATERIALS AND METHODS

PREPARATION OF PROTECTED HIGH-OLEIC SUNFLOWER OIL SUPPLEMENTS

Defatted soy flour, (100 mesh) with a nitrogen solubility index (NSI) of 75 or higher

was obtained from Archer Daniels Midland Co., (Decatur, IL). Also, Trisun Extra RBWD
{high-oleic sunflower oil or HOSO) was obtained from AC Humko Inc. , (Memphis, TN).
Sodium caseinate from bovine milk was purchased from Erie National Food (Erie, IL), and
ascorbyl palmitate was obtained from Hoffmann-La Roche Inc., (Nutley, NJ). Soy lecithin,
an emulsifier, was purchased from a local market in Knoxville, TN, and reagent grade
diacetyl (2,3-butanedione) was purchased from Aldrich Chemical Co. , (Milwaukee, WI) .
A batch of supplement was prepared as follows. Water was poured into a steam
kettle (Groen M.F.G. , Chicago, IL) and heated to 80 or 90°C. Sodium hydroxide (NaOH)
was added and mixed with heated water to adjust the pH to 11 .0 or to prepare 0.1 N
NaOH solution. Sodium caseinate or ground chicken feathers, and soy lecithin were
added to the mixture in the steam kettle. The mixed solution was divided into 4 equal
size portions. One portion of the mixture solution was transferred into a meat cutter
(Cryovac, Inc., Duncan, SC), defatted soy flour, HOSO, and ascorbyl palmitate were
added , and ground and mixed with the solution for 30 min. Diacetyl (2 ,3-butanedione)
was added into the mixture, and the mixture ground and mixed for 1-2 min. This
procedure was repeated for every batch. Treated HOSO supplements were cooled and
ground in a Hobart Model 84142 grinder (Hobart, Co., Troy, OH) through a 0.625 cm
screen. Part (20.0 kg) of the ground casein supplement containing HOSO and ascorbyl
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palmitate was dried in a forced air oven at 50°C to an estimated moisture level of about
10%. The dried supplement was stored at 5°C in sealed plastic bags no longer than 3
weeks before used. Also, the rest of the ground casein supplement was packed in
sealed plastic bags and stored at 5°C no longer than 3 weeks until used. The ground
feather gel containing HOSO and ascorbyl palmitate was dried under forced air flow at
ambient temperature for 48 hr before being sealed in plastic bags and stored at 5°C until
cut into particles less than 0.5 cm long manually before being fed.

EXPERIMENTAL DESIGN AND INGREDIENTS OF FEEDING SUPPLEMENTS

Three lactating goats, one Nubian and two Alpine, located on two different farms
near Knoxville, TN were used in the experiment. The goats were fed in 4 different
periods of 11 days each period. During each period, for seven days each goat was fed
daily, 1818 g of CO-OP 16% milking goat enhancer ration (Tennessee Farmers CO-OP,
Lavergne, TN) divided evenly between morning and evening feedings as the basal diet.
In each period, after 7 days on the basal diet, one of three protein-oil supplements or
ascorbyl palmitate (VC) was added and mixed with 1372 g the CO-OP ration. The three
protein-oil supplements included the casein , dried casein, and feather supplements. For
each goat, enough of each protein-oil supplement, was fed to provide 114 g/day of the
HOSO and 200.5 mg/day of ascorbyl palmitate. The VC was fed to provide only ascorbyl
palmitate (200.5 mg/day) for the goats.
All three goats were dewormed and given appropriate vaccinations prior to the
start of the feeding trial. The feeding trial was assigned by a complete block design,
blocked on goat to control animal difference, and period differences could also be
controlled by measuring the basal diet in every period (Saxton, 1999). An adjustment

46

period (7 days) was used to adapt the goats to the new CO-OP ration before the goats
entered into period 1 during which they were fed the CO-OP ration for an additional 7
days and then the wet casein supplement (WC) plus a reduced levels of the basal diet
was fed for 4 days. When the goats entered period 2, they were fed the basal diet for 7
more days and then fed a second ration, containing dried casein supplement (DC) plus
the reduced level basal diet for 4 days. The goats then entered period 3, in which they
were fed the basal diet for 7 more days followed by the third supplement, containing
feather supplement (DF) plus the reduced basal diet for 4 days. Finally, the goats
entered period 4, in which they were fed the basal diet for 7 more days and then fed a
fourth supplement, containing ascorbyl palmitate (VC) plus the reduced basal diet for 4
days. At the end of the fourth period, the Nubian goat was dropped and the four feeding
periods were repeated with two Alpine goats as a second replication.
The daily ration of the basal diet and each of the four different dietary
supplements (WC, DC, DF, and VC) offered each period are shown in Table 5. Chemical
composition of the basal diet are present in Appendix A. It contained the following
ingredients: processed grain by-products, roughage products, grain products, plant
protein products, cane molasses, lignin sulfonate, calcium carbonate, salt, magnesium
sulfate, potassium sulfate, zinc methionine complex, zinc oxide, zinc sulfate, manganous
oxide, manganese sulfate, ferrous sulfate, magnesium oxide, copper sulfate, calcium
iodate, ethylenediamine dihydriodide, cobalt carbonate, sodium selenite, sodium
molybdate, vitamin A acetate, vitamin D-3 supplement, vitamin E supplement, and
mineral oil.
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Table 5 - Daily ration (g/day) of basal diet and different dietary supplementsa offered to
lactating goats
Dietary supplements (g/day)b
Dietary ingredients
Basal diet0

Basal dietc

vc

WC

DC

OF

1818

1372

1372

1372

1372

738

410

384

Casein supplement
Dried casein supplement
Feather supplement

Ascorbyl palmitated
0.2005
avc=ascorbyl palmitate mixed with basal diet; WC=casein supplement mixed with basal
diet; DC=dried casein supplement mixed with basal diet; and, DF=feather supplement
mixed with basal diet
bWet weight (g) basis
°Tennessee Farmers CO-OP 16% milking goats enhancer ration
dExternal source.
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CHEMICAL COMPOSITION OF FEEDING SUPPLEMENTS

The concentrations of moisture, fat, and protein and the fatty acid composition of
three protein-oil (casein, dried casein , and feather) supplements were determined as
described later. The levels of moisture, fat, protein, and fatty acids in the basal diet were
also measured by the same methods. A representative sample (about 100 g) of each
protein-oil (casein, dried casein, and feather) supplement containing protein and HOSO
and of basal diet were frozen in liquid nitrogen, and powered in a 0.9-L stainless steel jar
on a Waring blender (Fisher Scientific Co., Stone Mountain, GA). Each powdered sample
was sealed in a polyethylene Whirl-Pack Bag (NASCO Inc, Fort Atkinson, WI), and stored
at -18°C until analyzed.

Moisture Content
The moisture content was determined by the AOAC (1995) method 4.1.02. Two
(2.0000) gram of each frozen, powdered sample was spread evenly in a dry, preweighed
aluminum dish (50 mm diameter x 40 mm deep) with a lid. The sample and dish were
dried in a NAPCO Model 5831 vacuum oven (NAPCO Science Co., Tualatin, OR) at 95100°C under 100 mm Hg pressure for 6 hr or more to a constant weight. The oven dried
samples were cooled in a desiccator under vacuum and reweighed . Percentage moisture
in the sample was determined from weight lost during drying.

Fat Content
The total lipid content in each sample was estimated by a procedure of Melton et
al., (1979). Forty (40.00) gram samples of the each supplement were extracted. The
procedures described later under the total lipid content section in chemical composition of

49

blood serum and milk samples then were followed.

Protein Content
The protein content of the basal diet and each protein-oil supplement was
determined by a modified AOAC (1995) Kjeldahl method 4.2.05. Two (2.0000) gram of
each powered supplement was delivered into a 250-ml digestion tube. Two Kjeltabs and
15.0 ml of sulfuric acid (93-98% H2SO4) were added in the digestion tube.
Digestion of protein in supplements. A Kjeltec 1015 digester (Tecator, Inc. ,
Herndon, VA) was preheated to 420°C before the digestion tubes were placed on the
digestion unit. The digestion tubes with the prepared samples were put into the digester
tube stand, and the exhaust manifold was fitted on the top of the tube stand. The stand
with the digestion tubes and exhaust manifold was placed in the preheated digester
(420°C). The sample in each digestion tube was digested for 3 to 5 min with maximum
air flow through the exhaust manifold, and then the air flow was adjusted until fumes were
just contained. After the digestion (45 min) of samples, air flow through the exhaust
manifold was increased and the stand with the digestion tubes and exhaust manifold was
removed from the digester, which was placed in the cooling unit.
Distillation of digested protein in supplements. A Kjeltec 1026 distillation unit
(Tecator, Inc., Herndon, VA) was prepared as follows: (1) the levels of alkali and water in
the unit were filled; (2) the power switch was turned on; (3) the cold water tap was turned
on; (4) the STEAM button was pressed; (5) the WATER button was pressed two times to
make sure that the tubing was completely filled with water; (6) the ALKALI, DELAY, AND
STEAM times were set to 2, 0.2, and 3.6 min, respectively; (7) the safety door was
opened and the AUTO/MAN button was pressed for automatic operation. Finally, an
aliquot (25 ml) of a Kjel-Sorb reagent (about 4% boric acid) from Fisher Scientific Co. ,
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(Stone Mountain, GA) were delivered into a 125-ml Erlenmeyer receiving flask. After the
digested samples in the digestion tubes were cooled, the cooled digestion tube and a
receiving flask were placed in the distilling unit. The distillation continued until the
STEAM lamp was on steady and the beeper sounded. Both the digestion tube with
residues and the receiving flask were removed from the distilling unit, and the solution in
the receiving flask was further analyzed.
Titration and calculation of digested and distilled protein in supplements. The
solution in the receiving flask was titrated with 0.1 N HCl standard to a steel gray or
nearly colorless endpoint, and the volume of HCl used was recorded. The percentage
concentration of protein was calculated by following formula:

Protein (%)

=

[(14.0)(mL HCI sample - mL HCI blank)(0.1 N HC/)(6.25)] X
100
(mg sample)

Fatty Acid Analysis
For the basal diet and each protein-oil supplement samples, the total lipid extract
was dried under vacuum at 55°C in a rotary evaporator. The residue was dissolved in 25ml chloroform, transferred into a 25-ml Erlenmeyer flask, flushed with nitrogen gas,
tightly covered, and stored in a freezer (-18°C) for further analysis.
The weight of total lipids for 1.00 ml of concentrated extract from the each sample
was determined. An aliquot (1 .00 ml) of each concentrated extract was pipetted into
each of two dry preweighed, 50-ml beakers and was dried overnight under a hood. Each
beaker and residue were dried at 100°C for 30 min prior to being cooled in a desiccator
and weighed. The average weight (g) of total lipids per milliliter of each concentrated
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extract was calculated.
The fatty acid composition of the concentrated total lipids extract from the basal
diet and the each protein-oil supplement sample were determined. An aliquot (0.1 g) of
lipid from each concentrated extract was used to prepare fatty acid methyl esters. The
procedures described later under the fatty acid analysis in chemical composition of blood
serum and milk samples then were followed.

FEEDING TREATMENTS AND PERFORMANCE OF GOATS

The weight of feed eaten per day in each feeding treatment of goats was measured
throughout the feeding period, and the amount of daily feed offered per goat was adjusted
to assure intake of a similar level of lipids daily per each experimental goat during the 89
day feeding trial. From the data of feed intake and the chemical composition of the basal
diet and protein-oil supplements, an average daily dietary supplement intake (g), fat
intake (g) , and level of C18:1 intake were calculated. In addition, ascorbyl palmitate daily
intake (mg) per goat also was estimated.

COLLECTION AND SAMPLING OF BLOOD SERUM AND MILK

During each feeding period, blood and milk samples were collected from each
lactating goat on the seventh day the basal diet was fed and again on the eleventh day
after each dietary supplement had been fed for four days. Blood was obtained from the
jugular vein by venipuncture into 20-mL vacuum tubes. The tubes were placed in a
cooler and transported to the Animal Science Department at The University of
Tennessee, Knoxville, where the serum was separated from the blood sample by
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centrifugation at 2,000 g for 20 min in a refrigerated centrifuge unit at 4°C (Model TJ-6
Centrifuge, Beckman Instruments Inc. , Palo Alto, CA). Each blood serum sample was
placed into a vial, flushed with nitrogen, sealed, and stored at -18°C in the dark until
analyzed.
The three goats were milked twice daily, morning and evening each day of the
feeding trial. On sampling days in each feeding period, milk was collected from the
Nubian goat at one farm in the morning and from the two Alpine goats at the other farm in
the evening. The milk was collected in 1.8-L glass jars, which were placed in a cooler,
and transported to the Food Science and Technology Department at The University of
Tennessee, Knoxville. Within 30 min of collection, each milk sample was poured into a
500-ml graduated cylinder and the volume was measured. The raw milk was
pasteurized at 72°C for 15 sec with constant stirring in a SafGard Pres-Vac Home
Pasteurizer (Schlueter Co., Janesvill, WI) equipped with a Jumbo Magnetic Stirrer (Fisher
Scientific Co., Stone Mountain, GA) and a large magnetic stir bar. The temperature of
milk was monitored, during pasteurization, and then the pasteurized milk was cooled to
ambient temperature (21°C) by allowing cold tap water (15°C) to circulate around the milk
container in the pasteurizer. The cooled pasteurized milk was transported to 600-ml
beakers, and a 35-ml aliquot was measured into a 50-ml polypropylene conical tube
(Blue Max, Franklin Lakes, NJ), flushed with nitrogen, sealed, and stored at -18°C in the
dark until analyzed. The rest of the milk was placed in a refrigerator (S°C) for 3 days to
separate cream from the milk. For each milk sample, the mixture of cream and milk was
poured into 50-ml polypropylene conical tubes. The cream (milk fat) in each tube was
separated from the milk sample by centrifugation at 3,500 g for 20 min in a Sorvall
Superspeed RC2-B Automatic Refrigerated Centrifuge (Newtown, CT) at 4 °c. The
supemant (milk fat) was decanted carefully from the skim milk into 50-ml brown bottles,
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flushed with nitrogen, sealed, and stored at -18°C in the dark until processed further. The
residue (skim milk) was put into Whirl-Pak polyethylene bags, sealed, and stored at -18°C
until analyzed.

CHEMICAL COMPOSITION OF BLOOD SERUM AND MILK SAMPLES

The total lipids were extracted from blood serum and milk samples collected during
the 4 feeding periods from each goat. The total lipid content in milk samples was
determined also. The fatty acid compositions of total lipids of blood serum and milk
samples were measured. The methods used for all the analyses were as follows.

Total Lipid Extraction from Blood Serum
Total lipids were extracted by a modified procedure of Dje (1994). The modification
was that butylated hydroxytoluene (BHT) was not added in CHC1 3 for the extraction. A
1.5-mL of blood serum from each sample was homogenized in a slow speed Virtis Model
23 homogenizer (The Virtis Company Inc., Gardiner, NY) with 8-ml CHCl 3 and 18-ml of
methanol for 2 min. Nine milliliter of CHCl 3 was added to the homogenized sample, and
the mixture was blended for 30 sec. Finally, 9-mL of aqueous zinc acetate (4.6 g/L) was
added, and the mixture blended for an additional 30 sec. The homogenate was poured
into a separatory funnel and kept one hour at 4-5°C to allow separation between the
aqueous methanol and CHCl3 layers. The lower chloroform layer was transferred into
125-ml Erlenmeyer flask, flushed with nitrogen gas, tightly covered and stored in a
refrigerator (4 - 5°C) for further analysis. The preparation of fatty acids methyl ester from
the extracted lipids for gas chromatographic analysis of the blood serum fatty acids is
described later under the fatty acids analysis section.
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Total Lipid Content in Milk Samples
Total lipids were extracted and quantified by a modified method of Melton et al.,
(1979) . The modification was the miniaturization of the original procedure. A 3.0-g milk
sample was transferred into a stainless steel, 60-ml container with a sterile pipette, and
10-ml of methanol was added to the milk, which was then homogenized at a high speed
for 1 min with a Virtis Model 23 homogenizer. After this step, 10-mL of CHCl 3 was added
to the homogenized sample and it was blended for 1 min at the same speed. After the
addition of 5-ml of an aqueous solution containing 0.0115 g zinc acetate and
homogenization for 10 more sec, the homogenate was filtered through a Fisher brand PS
filter paper (4.25-cm diameter) in a Buchner funnel with suction into a 250-ml filter flask.
The solid residue with the filter paper was reblended with 7.5-ml CHCl 3 for 1 min, and
then filtered through the PS filter paper into the filter flask. The 60-ml stainless steel
container then was rinsed with 5-ml CHCl3 which was filtered into the filter flask. All of
filtrate was poured into a 100-ml graduated cylinder. The filter flask was rinsed with 2ml methanol, which was added to the filtrate in the cylinder. The filtrate in the graduated
cylinder was flushed with nitrogen gas, tightly covered with plastic film and stored at 4 to
S°C for 24 hr. The volume of chloroform layer (bottom layer) in the graduated cylinder
was recorded . The cylinder contents were poured into a 12S-ml separatory funnel and
allowed to separate for 2 hr at 4 to 5°C. The chloroform layer (bottom) was transferred
into a 25-ml Erlenmeyer flask which was flushed with nitrogen gas, covered and stored
at 4 to 5°C for further analysis.
The total lipid content in the each sample was determined as follows. For each
sample, two clean SO-ml beakers were dried in an oven (100°C) for 30 min, allowed to
cool to room temperature in a desiccator and weighed. Five milliliter of the sample
chloroform layer was pipetted into each beaker, and the chloroform was evaporated
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under a hood overnight. Each beaker containing a lipid residue was dried in the 100°C
oven for 30 min, cooled to room temperature in the desiccator and weighed . The total
lipid content of each sample was calculated from the following equations:

Total lipid (%) =

(Y)(Vol.) X 100
(5 mL)(W)

where:
Y = weight (grams) of lipid in 5-ml chloroform;
Vol. = total volume (ml) of chloroform layer, and
W = sample weight (gram) extracted.

The residue of the chloroform extract in the 25-ml Erlenmeyer flask was flushed with
nitrogen gas, tightly covered and stored in a freezer (-18°C) for further analysis.

Fatty Acid Analysis of Blood Serum and Milk Samples
The fatty acid composition of the total lipids extracted from blood serum and milk
samples from each goat at each sampling period was determined. All of the total lipids
extracted from blood serum were used to prepare fatty acid methyl esters but only a 5-ml
of the total lipid extract from the milk samples was used.
Preparation of fatty acid methyl esters (FAME). FAME were prepared according
to AOCS (1993). For each blood serum and milk sample, the total lipid extract was
pipetted into a 125-ml flask and dried under vacuum at 55°C in a rotary evaporator. An
aliquot (4 ml) of sodium hydroxide (0.5 N) in methanol and a few glass boiling beads
were added to the flask. The flask was attached to a condenser, and its contents boiled
under reflux for 10 min to saponify the lipids. Boron trifluoride (14%) in methanol (5.0 ml)
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was added to the flask and allowed to react for 2 min to esterify the fatty acids. Pentane
(7.00 ml) was added through the condenser to the flask and the flask contents heated
under reflux for 1 min. The flask was removed from the heat, cooled and separated from
the condenser. The pentane layer containing the FAME was floated in the neck of the
flask by adding saturated sodium chloride (NaCl) solution. The FAME layer (top layer)
was collected by pipet and transferred into a vial. A small amount of anhydrous sodium
sulfate (Na 2 SO4) was added to the vial to absorb the residual water from the FAME. The
vial was flushed with nitrogen, sealed with a cap and stored at -18°C until analyzed by
gas chromatography.
Gas chromatographic analysis of fatty acids. The FAME were analyzed with a
Shimadzu Model GC-9A gas chromatograph equipped with an automatic injection system
Model AOC-9 (Shimadzu Corporation, Columbia, MD). A 0.25-mm i.d. by 60-m long
fused silica SP-2380 capillary column (Supelco, Inc., Bellefonte, PA) was used to
separate the methyl esters, which were detected with a flame ionization detector (FID).
The injection temperature was 250°C, and the column temperature was programmed
from 50°C (2 min) to 250°C at 4°C/min. Helium was the carrier gas with a flow rate at 50
mUmin, and a split ratio of 30: 1. The areas of the peaks corresponding to individual
FAME were recorded using a Shimadzu data processor, Chromatopac Model CR501,
interfaced with an IBM personal computer. All chromatograms were stored using the
Chromatopac Data Achieve Utility version 3.1 software (Shimadzu Scientific Instruments,
Inc. Columbia, MD). Different fatty acid methyl ester standards were analyzed under the
same conditions as the sample methyl esters to determine the retention times of
individual FAME. The identification of sample individual FAME was achieved by matching
the retention time of the sample peak with that of the standard peak (Appendix B).
Quantitative analysis of the sample FAME was done as follows. Standards containing
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known weight percentages of individual FAME, present in levels similar to those in the
samples, were analyzed by GC, and the correction factors relative to C16:0 were
calculated according to the AOCS (1993) method for fatty acid analysis. The area of
individual sample FAME was corrected using its correction factor (Appendix 8). The
relative weight percentages of each FAME (C4:0-C22:6) in each sample were then
calculated using their corrected areas (AOCS, 1993).

ASCORBIC ACID ANALYSIS IN BLOOD SERUM AND SKIM MILK SAMPLES

The levels of ascorbic acid in the blood serum and in the skim milk sample from
each goat were determined according to the procedures of Omaye et al. (1979). One
milliliter of blood serum or skim milk sample was pipetted into a 15-mL conical tube which
contained 1.0-mL of ice-cold 10% (w/w) trichloroacetic acid (TCA). The contents in
conical tube were mixed thoroughly for 1 min by on a Fisher Vortex Genie 2 (Fisher
Scientific Co., Stone Mountain, GA), and centrifuged for 20 min at 3,500 gin the
Automatic Refrigerated Centrifuge at 4 °c to separate ascorbic acid from the mixture.
One-half (0.50) milliliter of supernatant from the centrifuged mixture was transferred to a
micro glass tube, and 0.1-mL of 2,4-dinitrophenylhydrazine/thiourea/copper (DTC)
solution (containing 0.4 g thiourea, 0.05 g CuSO4·5H2O, and 3.0 g 2,4dinitrophenylhydrazine in 100-mL 9N H2 SO4) was added. The contents in the micro glass
tube were mixed for 30 sec by the Fisher Vortex Genie, and incubated for 3 hr at 37°C in
a Precision Reciprocal Shaking Bath (Precision Scientific, Chicago, IL) to form the bis2,4-dinitrophenylhydrazone. A 0.75-mL or 1.5-mL of ice-cold 65% (w/w) H2SO4 was
added into the incubated mixture, and mixed for 1 min by the Fisher Vortex. Finally, the
mixture solution was allowed to stand at room temperature for additional 30 min.
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The content of total ascorbic acid (oxidized and reduced forms) was measured by
a Shimadzu UV-Visible recording spectrophotometer equipped with a CPS controller
(Model UV160, Shimadzu Scientific Instrument, Inc., Columbia, MD). The absorbance of
ascorbic acid in the sample in a 1-cm quartz cuvette was recorded at 250 nm against 5%
(w/w) TCA blank on the UV-VIS spectrophotometer. The standard ascorbic acid solutions
(0 to 20 µg/ml) were prepared in 5% (w/w) TCA and analyzed under the same conditions
as samples. Linear calibration curves between the absorbances and concentrations of
ascorbic acids analyzed were prepared. The concentration of ascorbic acids was
calculated in each blood serum samples (µg/ml blood serum) and each skim milk
samples (µg/ml skim milk).

CHEMICAL AND PHYSICAL ANALYSIS OF MILK FAT

The triacylglycerol content and the solid fat content (SFC) of the milk fat for
selected milk samples (n=14) were determined. The samples selected are listed in
Appendix C and were chosen to obtain the widest range of C18:1 content in milk fat
between goats and diets. The methods used for triacylglycerol content and SFC were as
follows.

Preparing Anhydrous Milk Fat
Anhydrous milk fats from each selected milk sample was extracted by a modified
procedure of MacGibbon (1988). The modification was that the initial extraction of cream
from milk was performed only by centrifugation and not with the use of a de-emulsification
reagent. For each milk sample, the initially extracted cream was placed in 50-ml
polypropylene conical tubes and recentrifuged at 3,500 g for 20 min in the automatic
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refrigerated centrifuge at 4°C, and the top layer (milk fat) from each tube was transferred
to a 500-ml beaker. Then, 200-ml of 0.88% (w/v) KCI was added into the beaker, and
the beaker placed in the Precision reciprocal shaking bath (Precision Scientific, Chicago,
IL) at 50°C for 10 min to wash the extracted milk fat. For each sample, the washed milk
fat was poured into the 50-ml tubes, placed in the water bath for another 1O min at 50°C
and then centrifuged at 3,500 g for 20 min in the automatic centrifuge at room
temperature. The fat layer from each tube was transferred to a 500-ml beaker and the
washing step and isolation of fat by centrifugation was repeated . Finally, the fat from
each milk sample was filtered using suction through a Whatman No. 4 filter paper (9.8-cm
diameter) in a Porcelain Buchner funnel with a water jacket (Fisher Scientific, Pittsburgh,
PA) through which hot water (48°C) was circulated. All of filtrate (milk fat) was removed
to the 50-ml tubes and centrifuged at 3,500 g for 20 min in the automatic refrigerated
centrifuge at 4°C. For each milk sample, the fat was collected into a 50-ml
polypropylene conical tube, which was flushed with nitrogen, sealed, and stored at -18°C
in the dark until analyzed further.

Triacylglycerol Analysis
The triacylglycerol of fat from the selected milk samples (n=14) was analyzed by
the AOCS (1993) Official Method Ce 5-86. Five grams of each solidified milk fat sample
(-18°C) was liquified by microwave heating for 2 min. Approximately 0.50 g of liquified
milk fat was weighed to prepare a 50 mg/ml solution of the sample in CHCl3 •
The triacylglycerols of the sample solutions were analyzed with a Shimadzu Model
GC-9A gas chromatograph equipped with an automatic injection system Model AOC-9. A
0.25-mm i.d. by 2.5-m long OV-1 capillary column (Supelco, Inc., Bellefonte, PA) was
used to separate the triacylglycerols, which were detected with a flame ionization detector
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(FID). The injection temperature was 350°C, and the column temperature was
programmed from 140°C to 320°C (120 min) at 10°C/min. Helium was the carrier gas with
a flow rate at 50 mUmin, and a split ratio of 30: 1 for split injection. The area of the peak
corresponding to individual triacylglycerols were recorded using the Shimadzu data
processor, Chromatopac Model CR501, interfaced with an IBM personal computer. All
chromatograms were stored using the Chromatopac Data Achieve Utility version 3.1
software (Shimadzu Scientific Instruments, Inc. Columbia, MD). Different triacylglycerol
standards were analyzed under the same conditions as the sample solutions to determine
the retention times of individual triacylglycerols. The identification of sample individual
triacylglycerols was achieved by matching the retention time of the sample peak with that
of the standard peak (Appendix D). Quantitative analysis of the sample solution was done
as follows. Standards containing known weight percentages of individual triacylglycerols,
present in levels similar to those in the samples, were analyzed by GC, and the correction
factors of relative to trilaurin were calculated according to the AOCS (1993) method for
triacylglycerol analysis. The area of individual sample triacylglycerols FAME was
corrected using its correction factor (Appendix D). The relative weight percentages of the
different triacylglycerols in each sample solution were then calculated using their
corrected areas (AOCS, 1993).

Solid Fat Content
For SFC analysis, the fat from each selected milk sample was packed in ice and
transported from the Food Science and technology Department in Knoxville, TN. to AC
Humko Laboratories in Memphis, TN. The SFC of fat from selected milk samples (n=14)
was analyzed according to AOCS (1993) Official Method Cd 16-81 . Ten grams of each
solidified milk fat sample (4°C) were liquified by microwave heating for 2 min and then,
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was transferred to a 100-mL beaker. The beaker contained liquid fat was placed on a
coring PC Hot Plate (Coming Glass Works inc., Coming, NY), mixed, and heated to 80°C
until it was a clear liquid fat. The heated milk fat was poured into a glass sampling tube
(1 0 mm o.d x 75 mm length) without a rim . All milk fat sample, after liquefaction, and a
reference oil sample were placed in a 60°C glass water bath block for 30 min.
Immediately after this tempering step, the sample tubes were inserted in a 26.7°C glass
tempering block for 15 min, and finally transferred to a 0°C glass tempering block for
another 15 min. Then, the sample tubes were placed back in the 26.7°C glass tempering
block for 30 min and transferred to the 0°C glass tempering block for 15 min.
The SFC of each tempered milk fat sample was measured at consecutively
increasing temperatures of 10, 21.1, 26.7, 33.3, 37.8, and 40°C after the sample had
been tempered at each respective temperature for 45 min. The SFC was measured by
Bruker NMS 120 Minispec (Bruker Analytic GmbH, Rheinstetten, Germany) equipped with
low resolution nuclear magnetic resonance (LNMR) and a NMR analyzer. Before
measuring SFC, The LNMR instrument was calibrated using three Bruker primary
standards of 0, 32.1 , and 73% SFC.

STATISTICAL ANALYSIS

Statistical analyses were performed using the SAS Mixed Procedure (SAS, 1997)
for each dependent variable. The dependent variables included total lipids contents in
milk samples, and concentration of individual fatty acids and ascorbic acid levels in blood
serum and skim milk samples; after the levels of ascorbic acid in each skim milk sample
were adjusted to a constant daily intake per goat. Each of the dependent variables were
analyzed statistically as a function of treatment (n=5) or type of dietary supplements (WC,
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DC, OF, and VC) and the basal diet, goat (n=3), period (n=4), and replication (n=2) as
shown in Table 6 (Saxton, 1999). Significant differences among treatments for leastsquares means for the levels of each dependent variable were separated by the PDIFF
option (Saxton, 1998). Standard errors of the treatment least-squares means for each
dependent variable were obtained also.
The levels of triacylglycerol and SFC of milk fat samples were analyzed as a
function of treatment (basal diet and WC, DC, and OF) and goat as shown in Table 7.
Significant differences among treatments for least-squares means for the levels of
triacylglycerol and SFC were separated by the PDIFF option. Standard errors of the
treatment least-squares means for each dependent variable were obtained also.
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Table 6 - Analysis of variance for dependent variables as a function of treatment or type
of diet and dietary supplements (basal diet and WC, DC, DF, and VC), goat, period, and
replication
Degree of freedom

Source
Treatment (T)

4

Goat (G)

2

Period (P)

3

Replication

1

GxP

6

R (G x P)

6

Error

17

Corrected total

39
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Table 7 - Analysis of variance for triacylglycerol and solid fat content as a function of
treatment or type of diet and dietary supplements (basal diet and WC, DC, DF, and VC)
and goat
Degree of freedom

Source
Treatment (T)

4

Goat (G)

2

Error

7

Corrected total

13
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CHAPTER IV

RESULTS AND DISCUSSION

CHEMICAL COMPOSITION OF FEEDING SUPPLEMENTS

The weight percentage concentrations of moisture, fat, and protein in the basal
diet and the three protein-oil supplements are given in Table 8. Protein levels were the
greatest in the dried casein supplement followed by the feather supplement; the levels of
protein in the casein supplement and the basal diet were approximately the same and
were the lowest of the components fed to the goats. The fat concentration was highest in
the feather supplement and the lowest level of fat in the basal diet (Table 8).
The composition of fatty acids in the basal diet and the protein-oil supplements is
shown in Table 9. The following fatty acids were identified: caproic {C6:0), capric
{C10:0), myristic (C14:0), pentadecylic (C15:0), palmitic (C16:0), trans-palmitoleic
{C16:1t), palmitoleic (C16:1n7), margaric {C17:0), stearic {C18:0), oleic {C18:1n9), linoleic
{C18:2n6), gamma {r) linolenic {C18:3n3), linolenic {C18:3n6), eicos-9-enoic {C20:1n9),
arachidonic {C20:4n6), eicosa-5,8, 11, 14, 17-pentaenoic {C20:5n3), erucic {C22:1) acids.
Four major fatty acids, C16:0, C18:1n9, C18:2n6, and C18:3n3, made up most of the fat
in the basal diet and each supplement: 95.02% (basal diet), 94.34 {casein supplement),
94.36% (dried casein supplement), and 94.00% (feather supplement), respectively. The
basal diet had a different fatty acid profile {C18:2n6 > C18:1n9 > C16:0 >> C18:3n3)
compared to the three protein-oil supplements {C18:1n9 >> C18:2n6 > C16:0 and C18:0).
The major fatty acids in these three supplements were MUFA {C18:1n9), but PUFA
{C18:2n6), MUFA {C18:1n9) , and SFA {C16:0) consisted of the major fatty acids in the
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Table 8 - Chemical compositiona of basal diet and protein-oil supplements
Chemical composition
Dietary ingredients
Basal dietb

Moisturea {%}

Protein8 {%}

Fat8 {%}

8.88

15.26

4.28

55.91

15.35

15.49

9.81

29.20

27.53

19.80
23.61
Feather sueelement
aweight % wet basis
tii"ennessee Farmers CO-OP 16% milking goat enhancer ration.

31 .40

Casein supplement
Dried casein supplement
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Table 9 - Levels (wt% of fatty acid methyl esters) of fatty acids in basal diet and
protein-oil supplements
Protein-oil supplements
Fatty acids
C6:0

Basal dieta

Caseina

Dried caseinb

Feather

0.37

C10:0

0.07

C14:0

0.30

C15:0

0.07

C16:0

18.62

C16:1t

0.05

C16:1n7

0.26

C17:0

0.17

0.06

0.07

0.07

0 .02

0.02

3.77

4.13

0.02

0.03

0.07

0.08

0.18

0.03

0.03

0.06

0.04

0.04

0 .04

2.57

3.81

3.79

3.92

C18:1n9

23.50

84.55

84.57

83.99

C18:23e

0.02

C18:2n6

49.72

5.55

5.51

5.40

C18:3n3

3.18

0.52

0.51

0.48

0.32

0.30

0.34

0.02

0.02

3.72

C18:01
C18:0

C18:3n6
C20:1n9
C21:0

0.28

0.98

0.94

0.94

C20:4n6

0.15

0.05

0 .04

0.04

C20:5n3

0.07

C22 :1
0.26
0.29
0.28
0.27
arennessee Farmers CO-OP 16% milking goat enhancer ration
bGround casein gel supplement contained high oleic sunflower oil (HOSO) and ascorbyl palmitate
cGround and oven dried (S0°C) casein gel supplement contained HOSO and ascorbyl palmitate
dGround and air dried (28°C) feather gel supplement contained HOSO and ascorbyl palmitate.
8Tentatively identified as isomer of linoleic acid (C18:2n6).
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basal diet.

FEEDING PERFORMANCE OF GOATS

The level of the basal diet and each protein-oil supplement offered to each goat
daily are presented in Table 5. The actual levels of the basal diet and of each protein-oil
supplement ingested by each goat are presented in Table 10. These ingested levels
were determined on the basis of the amount of basal diet and dietary supplements (>NC,
DC, DF, and VC) presented to each goat per day minus the calculated levels of basal diet
and of each dietary supplement (>NC, DC, DF, and VC) in the daily weigh-back of a feed
mixture consumed by each goat. The goats ingested an average of 73.8% of the casein
supplement in WC, 81.7% of the dried casein supplement in DC, and 75.6% of the
feather supplement in DF. Goats fed the basal diet only or the basal diet plus the AP
supplement (VC) had lower levels of fat intake than did the goats fed the basal det plus
the other supplements (>NC , DC, and DF). The goats on the basal diet plus each of the
following supplements, casein, dried casein, and feather supplements, had total intakes
of 131 .4 (>NC) , 144.2 (DC), and 141.5 (DF) g fat/head/day, respectively, compared with
70.5 g fat/head/day for goats fed the basal diet only and 58.2 g fat/head/day fed the basal
diet plus AP. If the same level of fat from the protein-oil supplements were fed with the
basal diet or basal diet plus AP (VC), the goats would have had been sick because of the
excess fat (Czerkawski et al. , 1996; Henderson, 1973). The protein-oil supplements
provide protection of their oil/fat constituents against attack by microorganisms by the
rumen allowing it to by-pass the rumen and not cause any digestion problems to the
goats (Gulati et al., 1997b; Hartfoot and Hazlewood, 1988; Scott et al., 1971).
The level of oleic acid intake also differed greatly among the different treatment
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Table 10- Estimated mean ascort>yl palmitate intakes from formulated supplements, intake levels of basal diet and dietary
supplements, and calculated fat and oleic acid intake from basal diet and dietary supplements fed to lactating goats
Dietary supplements0
Items

Basal dietb

AP8 intake calculated from formulated
supplement (mg/goat/day)

vc

WC

OF

DC

198.95

147.92

185.91

145.72

1738.3

1301 .3

1098.3

1199.8

1173.9

Fat intake (g/goat/dayt

70.5

58.2

47.0

52.0

50.2

Oleic acid (C18: 1) intake (g/goat/day)d

18.0

14.0

11 .3

12.4

12.1

544.8

334.8

290.8

Fat intake (g/goat/day)8

84.4

92.2

91.3

Oleic acid (C18: 1) intake(g/goat/day)9

73.3

80.1

78.8

Intake from basal diet
Basal diet intake (g/goat/day)

Intake from protein-on supplements
Supplement intake (g/goat/day)

•Ascorbyl palmitate
"Tennessee Farmers CO-OP 16% milking goats enhancer ration

C\/C=AP mixed with basal diet; WC=casein supplement mixed with basal diet; DC=dried casein supplement mixed with basal diet; and,
DF=feather supplement mixed with basal diet
dCalculated intake based on fat level and composition of basal diet
•calculated Intake based on fat level and composition of protein-oil supplements.

diets fed to the goats (Table 10). Goats fed any of the protein-oil supplements consumed
in excess of 84 g of oleic acid/head/day compared to less than 20 g of oleic acid for goats
fed the basal diet or the basal diet mixed with AP (VC). This large difference is because
of the high oleic acid content (86.9% total lipid) in high oleic sunflower oil (HOSO)
incorporated into the protein-oil supplements. In addition, goats, which consumed the
dried casein supplement or feather supplement, consumed more C18:1 than those fed
the casein supplement (Table 10).
Daily intake of AP for each goat in mg/head/day based on the formulated AP in
each dietary supplement consumed each day are presented in Table 10. As already
stated, levels of each protein-oil supplement fed were formulated, including mixing AP
with the basal diet, should have been the same for each dietary supplement (200.5
mg/114 g HOSO) and individual goat (200.5 mg/head/day).

CHEMICAL COMPOSITION OF BLOOD SERUM AND MILK SAMPLES IN GOATS FED
BASAL DIET AND DIFFERENT DIETARY SUPPLEMENTS

The ascorbic acid contents of blood serum and skim milk samples of goats fed the
basal diet and the four dietary supplements are presented in Table 11. Feeding goats the
basal plus the feather supplement (DF), which contained protected ascorbyl palmitate
(Table 10), significantly increased the vitamin C level in goat blood serum compared with
levels of vitamin C in blood serum of goats fed the basal diet only. Feeding goats
additional ascorbyl palmitate (VC), the basal plus casein supplement (WC), or the basal
plus dried casein supplement (DC) failed to increase significantly the vitamin C levels in
blood serum over that of goats fed the basal diet only. However, feeding VC, WC or DC
did increase vitamin C levels in goat blood serum to the point where they were not
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Table 11 - Least-Square means of concentrations of vitamin ca,b in blood serum and
skim milk and fata,c in whole milk from goats fed basal diet and different dietary
supplements
Dietary supplementsd
Basal dier

vc

WC

DC

8.04b t 1.02

9.12abt 1.47

10.20ab t 1.47

9.71 ab t 1.47

11 .25a t 1.39

14.29± 2.35

13.00 t 3.97

18.23 t 3.97

17.30± 3.97

15.25 t 3.70

3.36b t 0.46

3.60ab t 0.59

3.76ab t 0.59

4.56a t 0.59

4.02ab t 0.59

OF

Blood serum
vitamin C (µg/mL)

Skim milk
vitamin C (µg/mL)
Whole milk
total fat(%)

"Lsmeans ± standard error; n=S, except control basal diet n=20
bLsmeans in a row followed by unlike letters are different (P < 0.05)
0
Lsmeans in a row followed by unlike letters are different (P < 0.1)
CVC=ascorbyl palmitate mixed with basal diet; WC=casein supplement mixed with basal diet;
DC=dried casein supplement mixed with basal diet; and, DF=feather supplement mixed with basal
diet
9Tennessee Farmers CO-OP 16% milking goats enhancer ration .
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significantly lower than that of blood serum of goats fed OF. No significant differences
were found among vitamin C levels of skim milk samples from goats fed the basal diet
only or with the four dietary supplements (Table 11).
Assume that the same daily level of ascorbyl palmitate was ingested by each
goats from the protein-oil supplements as was provided by mixing ascorbyl palmitate with
the basal diet (Table 10). Also, assume that there was a linear effect of that increased
ascorbyl palmitate concentration on the vitamin C levels in goat blood serum and skim
milk. Then, new vitamin C levels in blood serum and skim milk samples from goats fed
each dietary supplement may be calculated by multiplying the measured levels of vitamin
C in blood serum and skim milk samples by a correction factor (199 mg ascorbyl
palmitate divided by the mg of additional ascorbyl palmitate provided daily to each goat by
each dietary supplement or 1.346 for WC-fed goats, 1.070 for DC-fed goats, and 1.338
for OF-fed goats).
When these assumptions and corrections are made, and the data analyzed
statistically, the following observations can be made for vitamin C in the blood serum of
the goats. Compare with the vitamin C levels in the serum of goats fed the basal diet (7.9
µg/ml) or of goats fed the basal diet mixed with ascorbyl palmitate (10.8 µg/ml), feeding
the goats OF would increase (P < 0.05) the serum levels of vitamin C to 16.3 µg/ml.
Also, compared with goats fed the basal diet, feeding the goats WC or DC would increase
(P < 0.05) the serum vitamin C levels, respectively, to 10.2 and 13.5 µg/ml. These latter

vitamin C levels, however, were not different (P > 0.05) from that in the serum of VC- or
OF-fed goats.
Using these same assumptions and corrections for vitamin C in the skim milk from
WC-, DC-, and OF-fed goats followed by statistical analysis also resulted in significant
differences in vitamin C levels in skim milk from goats fed the different dietary
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supplements. The vitamin C levels in milk from basal diet-fed goats (11.2 µg/mL) was
significantly lower than vitamin C levels in milk from WC-fed goats (27.4 µg/mL) or DCfed goats (22.4 µg/mL). The vitamin C levels in milk from OF-fed goats (18.2 µg/mL) or
from goats fed the basal diet plus ascorbyl palmitate (12.7 µg/mL), however, were not
different (P > 0.05) from that of the goats fed any other diet/supplements.
Feeding supplements made from casein, dried casein, or feather offered some
protection to the ascorbyl palmitate as shown by higher levels of vitamin C in blood serum
and/or milk from goats fed containing these supplements in their dietary supplements.
However, more research is needed in which the actual level of ascorbyl palmitate in the
supplements is measured prior to feeding before the extent of this protection can really be
determined.
The average concentrations of total fat in whole milk from goats fed the basal diet
or different dietary supplements also are shown in Table 11 . There were no differences

(P > 0.1) among the total fat content of whole milk samples from the goats fed the VC,
WC, DC, or OF. On the other hand, compared with goats fed the basal diet, feeding the
goats the DC increased (P < 0.1) the total fat content in whole milk.
Normally, when dietary fat is fed in excess of 3 to 4% of the ruminant diet, rumen
microbial activity is reduced and fiber digestibility is decreased resulting in a negative
effect on the mammary gland and reducing milk fat content (Henderson, 1973). Even
when calcium salts of high oleic sunflower oil (HOSO-Ca) were fed to Holstein dairy cows
as a supplement, milk fat content decreased linearly with increasing levels of HOSO-Ca
fed (Lin et al., 1996b). Only when high levels of dietary fat are protected from rumen
degradation is this effect reversed (Grummer, 1991; Gulati, et al., 1997b). Milk fat
increased from 3.0 to 4.5% when cows were fed formaldehyde-treated casein-safflower
oil supplements (Plowman et al., 1971). In my research, milk fat levels increased (P <
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0.1) from 3.36% for goats fed the basal diet to 4.56% for goats fed the DC (Table 11).
Feeding the DC provided an average of 92.2g of protected dietary fat to each goat per
day (Table 10). Adding that amount to the amount of fat provided by the basal diet (52.0
g/goat/day) represented 9.4% of the daily diet. These results support the protection of fat
by the dried casein supplement. The OF also tended to increase the fat content of goat
milk (4.0 versus 3.4%); however, more research using a greater number of goats is
needed to determine the extent of protection provided to dietary fat by the DC and OF.

Fatty Acid Composition of Blood Serum
The fatty acid compositions of blood serum lipids from goats fed different
diets/supplements are shown in Table 12. The following fatty acids were identified:
butyric (C4:0), lauric (C12:0), C14:0, myristoleic (C14:1n5), C15:0, C16:0, C16:1t
C16:1n7, C17:0, C18:0, elaidic (C18:1t), C18:1n9, C18:2n6, C18:3n3, C18:3n6,
eicosanoic (C20:0), C20: 1n9, C20:4n6, C20:5n3, docosa-7, 10, 13, 16, 19-pentaenoic
(C22:5n3), and docosa-4,7, 10, 13, 16, 19-hexaenoic (C22:6n3) acids. These fatty acids
were divided into three groups: saturated fatty acids (SFA), monounsaturated fatty acids
(MUFA) , and polyunsaturated fatty acids (PUFA) .
The SFA (C4:0, C12:0, C14:0, C15:0, C16:0, C17:0, C18:0, C20:0, C21:0) were
subdivided further into three groups based on their chain length: short- (C4), medium- (C8
to C12), long-chain (C14 to C21 :0) fatty acids. For the saturated short-chain fatty acids,
no difference (P > 0.05) were found between the mean concentrations of C4:0 in blood
serum lipids from goats fed the basal diet with or without ascorbyt palmitate (VC), and
those fed the three dietary supplements (WC, DC, OF); however, the concentration of
C4:0 was the highest (P < 0.05) in the blood serum lipids of goats fed the basal diet only
and the lowest in VC fed goat blood serum lipids. In the saturated-medium chain fatty
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Table 12 - Least-Square means and standard errors of fatty acid concentrationsa,b (wt%
of fatty acid methyl esters) in blood serum lipids of goats fed basal diet and different
dietary supplements
Dietary supplements0
Fatty acids

Basal diefl

C4:0

19.61a ± 1.19

C12:0

vc

WC

DC

14.28b ± 2.14

17.19ab ± 2.14

16.09ab ± 2.14

15.51ab ± 2.14

0.29±0.05

0.19 ± 0.07

0.28± 0.08

0.28 ± 0.10

0.25±0.07

C14:0

0.55a± 0.06

0.58a ± 0.11

0.36ab ± 0.11

0.28b± 0.11

0.43ab ± 0.11

C14:1n5

0.16a ± 0.01

0.17a ± 0.01

0.09b ± 0.01

0.09b±0.02

0.14a ± 0.01

C15:0I

0.11a ± 0.01

0.12a ± 0.01

0.07b± 0.02

0.07b± 0.01

0.1Dab :t 0.01

C15:0

0.32a :t 0.01

0.31a ± 0.03

0.23b± 0.03

0.21b ± 0.03

0.30a:t 0.03

C16:0I

0.15a ± 0.01

0.15a ± 0.01

0.10b ± 0.01

0.10b±0.01

0.12ab ± 0.01

C16:0

8.05a ± 0.39

7.55ab ± 0.72

5.86b :t 0.72

5.96b±0.72

7.92ab :t 0.72

C16:1t

0.46a :t 0.02

0.47a ± 0.04

0.28b±0.04

0.23b± 0.04

0.48a :t 0.04

C16:1n7

0.47a±0.03

0.42ab ± 0.05

0.25c± 0.05

0.27bc ± 0.05

0.38ab ± 0.05

C17:0

0.42a :t 0.02

0.41a ± 0.04

0.28b± 0.04

0.28b± 0.04

0.36ab :t 0.04

C18:02

0.03 :t 0.00

0.09± 0.01

C18:01

0.21a ± 0.01

0.20a ± 0.02

0.13b ± 0.02

0.14b ± 0.02

0.21a ± 0.02

C18:0

11 .20 :t 0.49

10.5± 0.97

9.TT±0.97

10.23 ± 0.97

12.50 ± 0.97

C18:1t

0.96b:t 0.05

1.17a ± 0.09

0.73c± 0.09

0.53c ± 0.10

1.12ab :t 0.09

C18:1n9

8.61 C ± 0.49

8.29bc ± 0.94

10.80ab ± 0.94

11 .83a ± 0.94

10.67abc ± 0.94

C18:21•

0.08 :t 0.01

0.06± 0.01

0.07 ± 0.01

0.05:t 0.02

0.08 :t 0.01

C18:2i9

0.08 :t 0.01

0.06± 0.04

0.05± 0.04

C18:23•

0.09 :t 0.01

0.09 ± 0.01

0.08:t 0.02

0.06± 0.01

0.08 ± 0.01

C18:24•

0.13 :t 0.01

0.10 ± 0.03

0.11 ± 0.03

0.12±0.03

0.13 ± 0.02

C18:2n6

16.99a ± 0.94

13.99ab :t 1.75

12.41b ± 1.75

13.84ab ± 1.75

15.49ab± 1.75

C18:3n3

0.74± 0.08

0.80 :t 0.15

0.48 ± 0.15

0.43 :t 0.15

0.81 ± 0.15

C18:3n6

0.06 :t 0.01

DF

0.05 :t 0.03

0.05± 0.03

C20:0

0.25a±0.02

0.24ab ± 0.03

0.20b :t 0.03

0.23ab ± 0.03

0.30a :t 0.03

C20:1n9

0.16a :t 0.01

0.13ab ± 0.03

0.09ab ± 0.03

0.08b± 0.03

0.16ab ± 0.03

C21:0

0.16b ± 0.05

0.17ab±0.10

0.12b ± 0.10

0.13b ± 0.10

0.43a ± 0.10
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C20:4n6

2.01a :1: 0.13

1.88ab :I: 0.23

1.47b :I: 0.23

1.65ab :1: 0.23

1.93ab :1: 0.25

C20:5n3

0.31a :1: 0.03

0.30ab :1: 0.05

0.19b :1: 0.05

0.22b:I: 0.05

0.25ab :I: 0.05

C22:5n3

0.51 :1: 0.06

0.45 :1: 0.10

0.34:1: 0.10

0.34:1: 0.10

0.46 :I: 0.10

C22:6n3

0.25:1: 0.03

0.23:1:0.06

0.16 :I: 0.06

0.17 :1: 0.06

0.26:1: 0.06

UNK1 1

15.93b :I: 1.72

27.39a :1: 3.37

22.64ab :1: 3.37

26.57a :1: 3.37

16.07b :1: 3.37

UNK21

10.41 :1: 1.05

8.99:1: 1.98

14.02:1: 1.96

9.50:1: 1.96

12.69 :I: 1.96

UNK3'

0.18a :1: 0.01

0.16ab :1: 0.01

0.13b :1: 0.01

0.14b:I: 0.01

0.17ab :1: 0.01

•Lsmeans ± standard error; n=5, except basal diet n=20
bLsmeans in a row followed by unlike letters are different (P < 0.05).
C\/C=ascorbyl palmitate mixed with basal diet; WC=casein supplement mixed with basal diet;
DC=dried casein supplement mixed with basal diet; and, DF=feather supplement mixed with basal
diet
ennessee Farmers CO-OP 16% milking goats enhancer ration
-Tentatively identified as isomer of linoleic acid (C18:2n6)
'Retention times of UNK1 , UNK2, and UNK3 were 10.612, 14.896, and 43.705 min, respectively.

err
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acids, there were no significant difference among the levels of C12:0 in blood serum
samples from goats fed any diet/supplement.
Among the long-chain SFA (C14:0, C15:0, C16:0, C17:0, C18:0, C20:0, and
C21 :O), goats fed DC had lower (P < 0.05) blood serum levels of C14:0 than did goats fed
the basal diet or VC, but C14:0 concentrations in blood serum of goats fed WC or OF
were not significantly different from that of goats fed any other diet/supplement. Goats
fed the basal diet, VC, or OF had higher (P < 0.05) blood serum levels of C15:0 than did
those fed WC or DC. Goats fed the basal diet had higher (P < 0.05) blood serum levels
of C16:0 than did goats fed WC or DC; goats fed VC or OF had blood serum C16:0
concentrations that were not different from those of goats fed the basal or other dietary
supplements. Goats fed the basal diet or OF had higher (P < 0.05) blood serum
concentrations of C20:0 than did goats fed WC while the blood serum levels of C20:0
from goats fed VC or DC were not different from those of goats fed the basal diets or the
other dietary supplements. Goats fed OF had a higher (P < 0.05) blood serum C21 :0
percentage than did goats fed the basal diet, WC, or DC, while the blood serum C21 :0
levels of goats fed VC did not differ from that of goats fed any other diet/supplement.
For MUFA (C14:1n5, C16:1t, C16:1n7, C18:1t, C18:1n9, and C20:1n9),
differences (P < 0.05) were found in levels of all MUFA, except C20:1n9, in the blood
serum lipids between goats fed the basal diet and those fed either casein containing
supplements (WC or DC). Goat fed DF had blood serum levels of these same MUFA that
were not significantly different from those of goats fed the basal diet or VC. The C20: 1n9
levels were higher (P < 0.05) in goats fed the basal diet than in goats fed DC, and blood
serum C20: 1n9 levels in goats fed VC, WC, or OF were not different from those fed the
basal diet or DC. The greatest increases among levels of serum MUFA were found for
C18:1n9 in feeding goats the WC and DC. Both of which contained high levels of
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C18:1n9 (Table 9 and 10), increased the C18:1n9 levels compared with that of goats fed
the basal diet. In blood serum from the goats fed the casein containing supplements

0NC and DC), the mean concentrations of C14:1n5, C16:1t, C16:1n7, and C18:1t were
lower than those of goats fed the basal diet.
In the PUFA (C18:2n6, C18:3n3, C18:3n6, C20:4n6, C20:5n3, C22:5n3, and
C22:6n3), differences (P < 0.05) were found in the concentrations of only three of the
PUFA (C18:2n6, C20:4n6, and C20:5n3) in blood serum lipids between goats fed the
basal diet and those fed either one or both of the casein containing supplements

0NC

and DC). Goats fed the basal diet had higher (P < 0.05) blood serum levels of C18:2n6
and C20:4n6 than those fed the WC; goats fed the basal diet also had higher (P < 0.05)
blood serum concentrations of C20:5n3 than goats fed either casein containing
supplements

0NC or DC).

Feeding goats the other dietary supplements resulted in blood

serum levels of C18:2n6, C20:4n6, and C20:5n3 which were not significantly different
from those of goats fed the basal diet and/or one or both of the casein containing
supplements. There were no differences (P > 0.05) in the mean concentrations of
C18:n3, C18:3n6, C22:5n3, and C22:6n3 in the blood serum among goats fed any
diet/supplement (Table 12).

Fatty Acid Composition of Milk Samples
The fatty acid compositions of fat in milk samples are shown in Table 13. The
following fatty acids were identified: C4:0, caproic (C6:0), caprylic (CB:O), C10:0,
undecanoic (C11:0), C12:0, tridecanoic (C13:0), cis-9-tridecenoic (C13:1), C14:0,
C14:1n5, C15:0, C16:0, C16:1t, C16:1n7, C17:0, C18:0, C18:1t, C18:1n9, C18:2n6,
C18:3n3, C18:3n6, C20:0, C20:1n9, uncosanoic (C21:0), C20:4n6, C22:1, and C22:5n3.
These fatty acids were divided into three groups: SFA, MUFA, and PUFA. The C18:1n9
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Table 13 - Least-Square means and standard errors of fatty acid concentrationsa,b (wt%
of fatty acid methyl esters) of fatty acids in milk fat of goats fed basal diet and different
dietary supplements
Dietary supplementsc
Fatty acids

Basal diefl

TVC

TWC

TDC

TDF

C4:0

8.79± 0.48

9.28 ± 0.82

9.02±0.82

7.35±0.82

7.56±0.82

C6:0

6.16a ± 0.26

5.94abc ± 0.49

6.06ab ± 0.49

4.61c± 0.49

4.89bc ± 0.49

C8:0

5.48a ± 0.20

4.99ab ± 0.40

5.11ab±0.40

3.97b± 0.40

4.18b ± 0.40

C10:0

16.na :t 0.54

15.00ab :t 1.06

15.16ab :t 1.06

11 .75c:t 1.06

12.30bc :t 1.06

C11:0

0.32a± 0.02

0.30abc ± 0.04

0.32ab ± 0.04

0.24bc ± 0.04

0.21c± 0.04

C12:0

6.68a±0.02

5.84ab ± 0.39

5.51 be ± 0.39

4.62c±0.39

4.93bc ± 0.39

C13:0

0.08a±0.07

0.05b ± 0.01

0.07ab ± 0.01

0.04b± 0.01

0.06ab ± 0.01

C13:1

0.09b± 0.02

0.11ab ± 0.04

0.08ab ± 0.04

0.19a ± 0.04

0.11ab ± 0.04

C14:0

8.14a ± 0.17

8.04ab ± 0.33

7.19b±0.33

7.SOab ± 0.33

7.74ab ± 0.33

C14:1n5

0.22b± 0.01

0.26a±0.02

0.17c±0.02

0.21 be ± 0.02

0.25ab ± 0.02

C15:0I

0.13a ± 0.01

0.15a ± 0.02

0.10b±0.02

0.13ab ± 0.02

0.16a ± 0.02

C15:0

0.62±0.02

0.65±0.05

0.55± 0.05

0.59± 0.05

0.66± 0.05

C16:0I

0.13a ± 0.01

0.14a ± 0.02

0.10b±0.02

0.12ab ± 0.02

0.14a ± 0.02

C16:0

21 .63a ± 0.65

22.20ab ± 1.26

18.67b ± 1.26

19.32ab ± 1.26

20.66ab ± 1.26

C16:1t

0.33b±0.02

0.40a±0.03

0.19c±0.03

0.28b± 0.03

0.42a ± 0.03

C16:1n7

0.58a±0.04

0.59a±0.05

0.45b± 0.05

0.51ab ± 0.05

0.54ab ± 0.05

C17:0

0.54a±0.03

0.54a ± 0.04

0.43b±0.04

0.48ab ± 0.04

0.59a ±0.04

C18:02

0.04a±0.OO

0.04± 0.01

0.02b± 0.01

0.03ab ± 0.01

0.04a ± 0.01

C18:01

0.13a ± 0.01

0.14a ± 0.02

0.OBb±0.02

0.12a ± 0.02

0.15a ± 0.02

C18:0

5.70c± 0.44

6.56c±0.80

6.76bc ± 0.80

9.04ab ± 0.80

10.09a ± 0.80

C18:1t

1.39a ± 0.08

1.39a ± 0.15

0.76b ± 0.15

0.66b ± 0.15

1.51a ± 0.15

C18:1n9

12.54c ± 0.64

13.91c ± 1.19

19.20b ± 1.19

25.20a ± 1.19

18.96b ± 1.19

C18:21•

0.10c ± 0.01

0.1Obc ± 0.01

0.12b±0.01

0.12b ± 0.01

0.15a ± 0.01

C18:22•

0.04b± 0.00

0.04b±0.0

0.04b±0.OO

0.03b± 0.00

0.OSa±0.00

C18:23•

0.15ab :!:: 0.01

0.14ab :!:: 0.01

0.14ab :!:: 0.01

0.13b± 0.01

0.17a ± 0.01

C18:24•

0.09± 0.01

0.08± 0.01

0.11 ± 0.01

0.10± 0.01

0.10 ± 0.01
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C18:25e

0.03:1: 0.00

0.04:1:0.00

0.01 :1:0.0

0.02±0.00

0.02:1: 0.00

C18:2n6

1.n:1:0.os

1.70±0.14

1.58 :1: 0.14

1.87:1: 0.14

1.83 :I: 0.14

C18:3n3

0.65bc ± 0.05

0.86a ± 0.09

0.63abc :I: 0.09

0.48c± 0.09

0.81 ab± 0.09

C18:3n6

0.15c ± 0.01

0.17b ± 0.01

0.16bc ± 0.01

0.19ab ± 0.01

0.20a ± 0.01

C20:0

0.15±0.03

0.16 ± 0.03

0.14 ± 0.03

0.13± 0.03

0.20±0.03

C20:1n11

0.12 ± 0.03

0.05± 0.06

0.07±0.06

0.04±0.06

0.08±0.06

0.07c ± 0.01

0.09bc ± 0.01

0.11ab :I: 0.01

0.12a ± 0.01

0.13a ± 0.01

C20:4n6

0.12:1: 0.01

0.12 :I: 0.01

0.13 ± 0.01

0.12 :I: 0.01

0.12± 0.01

C22:1

0.02:1:0.00

0.03±0.00

0.03±0.00

0.02±0.00

0.02±0.00

C21 :0

0.04±0.01
0.05 ± 0.01
0.04± 0.01
0.04± 0.01
0.04± 0.01
C22:5n3
•LSmeans ± standard error; n=S, except basal diet n=20
bLsmeans in a row followed by unlike letters are different (P < 0.05).
CVC=ascorbyl palmitate mixed with basal diet; WC=casein supplement mixed with basal diet;
DC=dried casein supplement mixed with basal diet; and, DF=feather supplement mixed with basal
diet
ct-rennessee Farmers CO-OP 16% milking goats enhancer ration
8Tentatively identified as isomer of linoleic acid (C18:2n6) .
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levels in milk from each goat fed basal diet and each supplement in replication 1 and 2
are presented in appendix E.
The SFA (C4:0, C6:0, C8:0, C10:0, C11 :0, C12:0, C13:0, C14:0, C15:0, C16:0,

C17:0, C18:0, C20:0, and C21 :0) were subdivided into three groups up on their carbon
chain length: short- (C4 to C6), medium- (CS to C12), long-chain (C13 to C21 :0) fatty
acids. In saturated short-chain fatty acids (C4:0 and C6:0), no difference (P > 0.05) in the
mean concentration of C4:0 in milk samples from goats fed the basal diet with or without
ascorbic palmitate (VC) and those fed the three treated supplements (>NC, DC, DF);
however, the concentration of C4:0 tended to be the highest in the VC and the lowest in

DC fed goats milk samples. In contrast, the concentration of C6:0 was significantly
higher in milk samples from goats eating basal diet than those of goats fed the DC or DF
supplements, but was not different (P > 0.05) between DC- and OF-fed goats.
In the saturated medium chain fatty acids (C8:0, C10:0, C11 :0, and C12:0) in
Table 13, goats fed the basal diet had higher (P < 0.05) concentrations of C8:0, C10:0,
and C11 :0 in milk than did DC- and OF-fed goats. In addition , the concentration of C12:0
also was significantly greater in milk from goats fed the basal diet than goats fed WC, DC,
or OF; however, in goats fed VC (basal diet plus ascorbyl palmitate), the C12:0 level was
not different (P > 0.05) from that in milk from goats fed any diet/supplement, except milk
from DC-fed goats.
In the saturated long chain fatty acids (C13:0, C14:0, C15:0, C16:0, C17:0, C18:0,

C20:0, and C21 :0) in Table 13, there were differences (P < 0.05) in the mean
concentrations of all of the fatty acids, except for C15:0 and C20:0, in milk fat between
goats eating the basal diet and those fed at least one of treated supplements (VC, WC,

DC, and DF). The most abundant log-chain saturated fatty acid in the goats' milk were
C14:0, C16:0, and C18:0. Goats fed the WC supplement had lower (P < 0.05) levels of

82

C14:0, C16:0 than did goats fed the basal diet, while there was a trend for goats fed DC
or DF supplements to have lower concentrations of these two fatty acids in their milk than
those fed the basal diet. However, the contents of C14:0 and C16:0 in milk from VC-fed
goats were near to the levels, respectively, in milk from goats fed the basal diet. In
contrast to C14:0 and C16:0, C18:0 level was lower (P < 0.05) in milk from WC-fed goats
than that in milk OF-fed goats, and was not different (P > 0.05) from C18:0 levels in milk
from goats fed the basal diet, VC, or DC. Significant differences in other long-chain fatty
acids (C13:0, C17:0, and C21 :0) may be observed in Table 13.
In the MUFA (C13:1, C14:1n5, C16:1t, C16:1n7, C18:1t, C18:1n9, C20:1n11, and
C22:1) shown in Table 13, differences (P < 0.05) were found among the concentrations of
four of the fatty acids between milk samples from goats fed the basal diet and those fed
at least one of the treated supplements (VC, WC, DC, and DF). The mean
concentrations of C14:1n5 and C16:1n7 were significantly decreased in milk samples
from goats fed the WC compared with those fed the basal diet and or VC. Moreover, the
concentrations of C16:1t and C18:1t also were decreased significantly in milk from goats
fed either casein containing supplements (WC or DC) compared with the goats fed any
other dieVsupplement. The major change that occurred in the MUFA was in the level of
C18:1n9 between milk samples from goats eating the basal or VC and those fed the other
dietary supplements (WC, DC, and DF), which increased (P < 0.05) the C18:1n9 level.
The highest concentration of C18:1n9 in milk was found in the milk samples from goats
fed the DC.
In the PUFA (C18:2n6, C18:3n3, C18:3n6, C20:4n6, and C22:5n3) and those
listed as isomer of C18:2n6 (C18:21, C18:22, C18:23, C18:24, and C18:25), no
differences (P > 0.05) were found in C18:2n6, C20:4n6, C22:5n3, C18:24, and C18:25
(Table 13). Although significant differences existed for the other PUFA or C18:2n6
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isomers in milk among goats fed different diet/supplements, the major differences were
for C18:3n3 and C18:3n6. The VC- and OF- fed goats had higher (P < 0.05) levels of
C18:3n3 in their milk than did goats fed the DC; levels of C18:3n3 in milk from goats fed
WC was not significantly different from those goats fed any of other diet/supplements.
For C18:3n6, feeding goats DC or OF increased (P < 0.05) or trended to increase levels
when compared with feeding goats the basal diet, VC, or WC.
Since FAME (fatty acids methyl esters) concentrations for milk from goats fed any
one diet/supplement must be added up to total 100%, an increase in the level of any fatty
acid results in a subsequent decrease in levels of one or more fatty acids in the same
sample. Feeding lactating goats protein-oil supplements containing high levels of
C18:1n9 (Table 10) made the greatest change in C18:1n9, an increase in the C18;1n9
concentration in their milk fat. Feeding goats the WC (casein supplement containing
55.9% moisture plus the basal diet) increased the C18:1n9 level 53% over the level in
milk from basal-diet fed goats (Table 12). This increase in C18:1n9 level decreased the
total for concentration of C6:0, C8:0, C10:0, C12:0, C14:0, and C16:0, from 64.9% in milk
from basal-diet fed goats to 57.8% in milk from WC-fed goats. When goats were fed the
DC (dried casein supplement plus basal diet), a larger daily intake of C18:1n9 per goat
than that from WC, increased C18;1n9 content in milk 101% and decreased the total for
percentages of milk saturated acids containing C6 to C16 carbons to 51.8% . However,
feeding the OF (feather supplement plus basal diet) only increased the C18:1n9 content
in goat milk 51 % over than those from goats fed the basal diet (Table 13) even though
the OF supplied nearly the same daily intake of C18:1n9 per goat as the DC (Table 10).
The total of concentrations of SFA containing C6 to C16 carbons decreased accordingly.
The ratio of medium chain SFA to MUFA in milk fat decreased from 2.45:1 in
basal-diet fed goats to 1.57: 1 in WC-fed goats, to 1.54: 1 in OF-fed goats, and to 1.19: 1 in
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DC fed goats. In addition the proportion of trans fatty acids (C16:1t and C18:1t} also
decreased in milk fat form goats fed the casein containing supplements (WC and DC}.
Therefore, milk from goats fed protein-oil (casein, dried casein, and feather} supplements
containing dietary supplements (WC, DC, and DF}, had a nutritionally better fatty acid
profile than milk from goats fed the basal diet or basal diet plus ascorbyl palmitate (VC}.
The SFA with C12 to C16 carbons have cholesterol raising characteristics while MUFA
reduces plasma LDL, but not HDL cholesterol (O'Donnel, 1989); increased trans FA in the
human diet also may increase LDL and decrease HDL cholesterol (McDonald and
Mossoba, 1996; Zook and Katan, 1997).

CHEMICAL AND PHYSICAL PROPERTIES OF MILK FAT

The compositions of triacylglycerols (TG) in milk fat of goats fed the different
diets/supplements are shown in Table 14. In this table the TG are identified by the total
number of carbon atoms in the three fatty acids esterified to the glycerol molecule; this
total is called the carbon number. The fatty acids are not identified by degree of
unsaturation in the TG; thus those with a 54 carbon number (C54) may contain three
C18:0 acids; one C18:0, one C18;1n9, and one C18:2n6; or any other combination of
three fatty acids containing 18 carbons identified in milk fat (Table 13).
The TG (CB to C54) were identified in the milk, but the major TG were those with
30, 38, 40, 42, 44, 46, 48, and 50 carbon numbers. Feeding the goats any of the dietary
supplements (WC, DC, and DF) altered the levels of the different TG in milk fat from
goats fed the basal diet. Compared with the milk fat from goats fed the basal diet, the
following significant differences were found: (1) goats fed the WC (casein supplement
plus basal diet) had lower levels of C26 and C32 TG but higher concentration of C36,
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Table 14 - Least-Square means and standard errors of triacylglycerols 8 concentrationsb,c
(wt % ) in anhydrous milk fat of goats fed basal diet and three different dietary
supplements
Dietary supplementsd
TriacllSllcerolsa

Basal diet"

WC

DC

DF

ca

0.02 ± 0.01

0.01 ± 0.01

0.02 ± 0.01

C10

0.03 ± 0.01

0.01 ± 0.01

0.02 ± 0.01

C12

0.14 ± 0.04

0.03 ± 0.05

0.05 ± 0.05

0.14 ± 0.05

C14

0.01 b ± 0.003

0.02a ± 0.003

0.02ab ± 0.003

0.02a ± 0.003

C20

0.02 ± 0.004

0.01 ± 0.004

C22

0.07 ± 0.02

0.07 ± 0.02

0.07 ± 0.02

0.11 ± 0.02

C24

0.37 ± 0.04

0.28 ± 0.05

0.25 ± 0.05

0.36 ± 0.05

C26

1.23a ± 0.11

0.80b ± 0.14

0.85ab ± 0.14

1.09ab ± 0.14

C28

2.87a ± 0.17

2.26ab ± 0.22

2.10b ± 0.22

2.53ab ± 0.22

C30

6.21a ± 0.39

4.97ab ± 0.47

4.78b ± 0.47

5.42ab ± 0.47

C32

1.69a ± 0.10

1.41b±0.12

1.37b ± 0.12

1.47ab ± 0.12

C34

1.83 ± 0.30

1.36 ± 0.31

1.48 ± 0.31

1.57 ± 0.31

C36

1.64ab ± 0.15

1.77a ± 0.16

1.33b ± 0.16

1.27b ± 0.16

C38

4.75b ± 0.08

4.57bc ± 0.09

4.50c ± 0.09

4.99a ± 0.09

C40

4.70b ± 0.09

5.15a ± 0.12

5.16a ± 0.12

5.26a ± 0.12

C42

25.10 ± 0.38

24.00 ± 0.48

23.99 ± 0.48

24.39

C44

17.18 ± 0.51

17.28 ± 0.55

17.34 ± 0.55

17.14 ± 0.55

C46

11.91c ± 0.46

14.03ab ± 0.49

14.32a ± 0.49

13.15b ± 0.49

± 0.41

7.17 ± 0.46

7.06 ± 0.46

7.38 ± 0.46

C50

4.70b ± 0.61

5.86a ± 0.63

5.93a ± 0.63

6.34a ± 0.63

C52

5.01a ± 1.24

4.95ab ± 1.60

5.08ab ± 1.60

0.25b± 1.60

C54

1.22 ± 1.20

± 1.39

2.49 + 1.39

4.64 + 1.39

C48

6.98

2.47

± 0.48

aTriacylglycerols expressed as their total carbon numbers
bLSmeans ± standard error; n=3, except basal diet n=5
clsmeans in a row followed by unlike letters are different (P < 0.05)
dWC=casein supplement mixed with basal diet; DC=dried casein supplement mixed with basal
diet; and, DF=feather supplement mixed with basal diet
9Tennessee Farmers CO-OP 16% milking goats enhancer ration .
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C40, C46, and CS0 TG in their milk fat; (2) feeding the goats DC (dried casein
supplement plus basal diet) resulted in lower levels of C28, C30, C32, and C38 TG and
greater amounts of C40, C46, and C50 TG in the milk fat; and, (3) feeding goats the DF
(feather supplement plus basal diet) resulted in a trend to decrease C26, C28, C30, C32,
and C36 TG in the milk fat, and increased levels of C38, C40, C46, and C50 TG. Thus,
the dietary supplements (YvC , DC, and OF) decreased the concentrations of TG with low
carbon numbers (26 to 38 carbon) and increased the TG with higher carbon number (40
to 50). Since all three supplements increased the C18:1n9 content in milk fat content at
the expense of the fatty acids with lower carbon number (Table 13), increase in the levels
of TG with greater carbon numbers were to be expected.
Besides the differences in milk fat TG levels between goats fed the basal diet and
the three supplements fed goats, there was other milk fat TG concentration difference
among goats fed these supplements (Table 14). The WC-fed goats had milk fat with
higher levels (P < 0.05) of C36 TG than did DC- or OF-fed goats. The OF-fed goats had
significantly lower concentrations of C46 TG in milk fat than did DC-fed goats and greater
levels of C38 TG than did WC- or DC-fed goats.
The most abundant TG found in goat milk fat in this research was C42 , and the
level of this TG was not affected by feeding goats any of the dietary supplements. The
level of C42, in Alpine and Nubian goats in Tennessee, was twice the level of the same
TG in milk from goats of five different herds in Spain (F ontecha et al., 1998). Fontecha et
al. (1998) also reported that in milk fat from Spanish goats, the TG content increased with
the number of carbon atoms, reaching maximum at C40 and C42. In this study the TG
content increased with the number of carbon atoms to a maximum at C42; the next most
abundant TG in the goats' milk in my study were C44 and C46.
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Solid Fat Content of Milk Fat
Least-Squares Means of solid fat contents (SFC) at different temperatures of
anhydrous milk fat from goats fed the basal diet and different dietary supplements

0NC,

DC, and OF) are shown in Figure 3. This figure illustrates the effect of increasing
temperature on the melting behavior of milk fat from goats fed the different
diet/supplements. The effects of increasing temperatures on the SFC of each goat fed
different diet/supplements are shown in Appendix F-1, 2, and 3. Feeding the goats any
dietary supplement decreased (P < 0.05) the SFC of their milk fat at 10°C when
compared with the SFC of milk fat (34.8%) from goats fed the basal diet (Figure 3); goats
fed the DC (dried casein supplement plus basal diet) produced milk fat with the lowest
SFC (23.0%) at 10°c. Goat fed the WC (casein supplement plus basal diet) produced
milk fat that tended to have a higher, but not significantly different SFC than that of milk
fat from DC-fed goats. Feeding goats the OF (feather supplement plus basal diet) also
produced a milk fat that had a higher SFC at 10°C than did the milk fat from DC-fed
goats, but not the WC-fed goats (Figure 3).
Increasing the temperature from 1O to 21.1 °c decreased the SFC of milk fat from
goats fed any diet/supplement to less than 10%. The SFC of milk fat from basal-diet fed
goats (8.2%) and OF-fed goats (7.2%), were (P > 0.05) not different at 21.1 °C, but the
SFC of milk fat from the DC (4.8%) was lower (P < 0.05) than the SFC of milk fat from
basal-diet or OF-fed goats. The WC-fed goats gave a milk fat, which had a lower (P <
0.05) SFC at 21.1°c than that of basal-diet fed goats. Continued increase in temperature
from 21.1 to 26. 7°C further decreased the SFC of milk fat from goats fed any
diet/supplement and the differences in SFC of that milk fat (Figure 3). However, at
26.7°C milk fat from goats fed the basal diet still had a higher (P < 0.05) SFC than milk fat
from goats fed the DC. Besides this latter difference, no other significant differences
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Figure 3 - Least-Squares mean solid fat content of anhydrous milk fat from goats fed
basal diet (CO) and three different diet supplements (WC=casein supplement mixed with
basal diet; DC=dried casein supplement mixed with basal diet; and, DF=feather
supplement mixed with basal diet); unlike letters at each testing temperature (10.0, 21.1,
26.7, 33.3, 37.8, and 40.0°C) differ significantly (P < 0.05).
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existed at 26. 7°C in SFC of milk fat from goats fed the different diets/supplement.
The SFC of milk fat from goats fed the different diets/supplements were
determined also at 33.3 and 37.8°C (Figure 3). At these temperatures, SFC differences
in milk fat from goats fed basal diet and the dietary supplements 0/lfC, DC, and OF) were
not significant. The milk fat from goats fed any diet/supplement had a SFC of 0% by
37.8°C (body temperature), a necessary and desirable requirement for milk fat to have a
pleasant mouth-feel (Weiss, 1983).
At 10°c, the milk fat from goats fed the basal diet had 34.8% SFC, which
indicates that this fat would not be plastic and workable at that temperature. Latondress
(1990) indicated that shortening were normally plastic and workable for SFI values of 15
to 22; this SFI range corresponds to a SFC range of 19.8 to 29.8% 0/lfeiss, 1983).
Feeding the goats any of the dietary supplements reduced (P < 0.05) the SFC content (<
30%) at 10°c (Figure 3) to the point where the goat milk fat would have been plastic at
that temperature. However, extrapolation of SFC from goats fed OF from the value at
10°c to a probable SFC of 39.8% at 5°C (Deffense, 1987), shows that this goat milk fat
would not have been spreadable at refrigeration temperatures in my study is that from
goats fed the DC, which doubled to level of C18:1n9 in milk fat to 25.2% (Table 13).
Feeding the goats the DC (dried casein supplement plus basal diet) containing
high oleic acid sunflower oil, provided each goat with an average of 80.1 g protected oleic
acid per day for four days (Table 10) and significantly altered the chemical composition
and the texture of goat milk fat. Besides doubling the concentration of healthy MUFA,
oleic acid, and lowering the concentrations of hypercholesteremic saturated acids with
C12 to C16 carbons (Table 13), the DC provided a milk fat which was spreadable right
out of the refrigerator and also maintained the desirable cooling mouth-feel of normal milk
fat by melting completely at body temperature.
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CHAPTERV

SUMMARY AND IMPLICATIONS

The objectives of this research were (1) to produce protein-oil supplements,
original and/or dried forms containing abundant levels of high oleic acid sunflower oil
(HOSO) and ascorbyl palmitate (AP) using defatted soy flour mixed with casein or treated
ground chicken feathers and gelled by a safe chemical agent; (2) to investigate the
effects of feeding these supplements to lactating goats on the fatty acid composition of
blood and milk fat; (3) to determine vitamin C levels in blood serum and skim milk from
the goats fed the different supplements; and (4) to evaluate levels of different
triacylglycerols and solid fat contents at different temperatures of milk fat from goats fed
the different supplements.
The composition of casein-HOSO supplements (original and dried forms) , the
treated feather-HOSO supplement, or Farmers' CO-OP 16% milk goat enhancer ration
(basal) were analyzed. The dried casein supplement was produced by drying the ground
casein supplement at 50°C under air flow for 72 hr, and the feather supplement was
produced by drying the ground feather supplement at ambient temperature under air flow
for up to 48 hr. On a wet matter basis, the basal diet and the casein, dried casein , and
feather supplements contained, respectively, 8.9, 55.9, 9.8, and 19.8% moisture; 5.3,
15.4, 29.2, and 23.6% protein; and 4.3, 15.5, 27.5, and 31 .4% fat. The level of oleic acid
(C18:1n9) in the fat of basal diet (23.5%) was lower than that in the lipids of the casein
(84.6%), dried casein (84.6%) , and feather (84.0%) supplements, but the basal diet,
compared with the protein-oil supplements, had higher levels of linoleic or C18:2n6 (49.7
versus 5.5%) and palmitic acids or C16:0 (18.6 versus 3.9%).
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Lactating goats were fed for eleven days in a single period during which the basal
diet only was fed for seven days followed by feeding a reduced level of the basal diet plus
a protein-oil supplement or ascorbyl palmitate for four days. There were four feeding
periods per replication and two replications were completed. In addition to the basal diet,
a different dietary supplement, additional ascorbyl palmitate(VC), casein supplement
(WC), dried casein supplement (DC), or feather supplement(DF), was fed each period of
each replication. When fed the different dietary treatments, each goat consumed daily
the following average amounts of basal diet on a wet matter basis: 1. 74 kg on the basal
diet; 1.30 kg on the VC; 1.10 kg on the WC; 1.20 kg on the DC; and, 1.17 kg on the OF.
Also during the supplement feeding, each goat consumed daily on a wet matter basis an
average of 199 mg of ascorbyl palmitate in VC, 545 g of WC, 335 g of DC, or 291 g of
OF.
Blood and milk samples were obtained from each goat on the seventh and eleven
day of each feeding period. The samples from day 7 represented the basal diet during
each feeding period, and the samples from day 11 represented the dietary supplement
(VC, WC, DC, or OF) fed during that particular period. Serum was prepared from each
blood sample and analyzed for fatty acid composition and vitamin C level. Each milk
sample was analyzed for total fat content, fatty acid composition, and vitamin C
concentration, and the fat from each milk sample was analyzed for levels of different
triacylglycerols (expressed in total number of carbons present in their three esterified fatty
acids) and solid fat content at 10, 21.1, 26.7, 33.3, 37.8, and 40.0°C.
Goats fed DC had a higher fat level (P < 0.1) and goats fed WC or OF tended to
have higher fat contents in their milk than goats fed the basal diet. When the serum and
milk levels of vitamin C in goats fed WC, DC or OF were corrected to a formulated intake
of 199 mg of ascorbyl palmitate per head per day (the same level fed in VC supplement),
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WC-, DC-, and DF-fed goats had significantly higher levels of vitamin C in their serum
and milk than did goats fed the basal diet only. These results indicate that the protein-oil
supplements offered some protection to the ascorbyl palmitate from ruminal
microorganisms allowing increased levels of vitamin C formed by hydrolysis of ascorbyl
palmitate in the abomasum to be absorbed into the goat blood and also deposited into
their milk.
Feeding goats any of the dietary supplements containing protein-oil supplements
increased (P < 0.05) the C18:1n9 level in the blood serum generally at the expense of
myristic (C14:0), C16:0, trans oleic acid (C18:1t) and/or C18:2n6. The supplements
increased the C18:1n9 in milk fat even more than in serum, with the DC having the
greatest effect. Feeding goats DC doubled the percentage in goat milk fat from 12.5
(basal diet) to 25.2%. Compared to feeding goats the basal diet, feeding WC or DF also
increased (P < 0.05) the C18:1n9 content in milk fat significantly to 19.2 and 19.0%,
respectively. The WC or DF increased the C18:1n9 content less than the DC. Drying the
casein caused increased consumption of protected oleic acid (80.1 g/head/day)
compared with that of WC (73.3 g/head/day), DF (78.8 g/head/day) or the basal diet (0.0
g/head/day). However, the difference in consumption of C18: 1n9 between DC and DF is
small indicating that perhaps the dried casein supplement offered better protection to the
acid from microbial attack in the rumen than did the feather supplement.
The protein-oil supplements increased in the C18:1n9 levels in serum and milk
largely at the expense of hypercholesteremic C14:0, C16:0 and C18:1t fatty acids in
serum and milk plus the saturated shorter chain fatty acids (C6 to C12) in milk. The
C18:1n9 replacement of part of the hypercholesteremic fatty acids in the milk produces a
healthier product from the view-point of coronary heart disease. The C18:1n9 reduces
total serum cholesterol in humans by decreasing the blood levels of low-density
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lipoprotein (the bad form of cholesterol) and not interfering with high-density lipoprotein
(the good form of cholesterol). The hypercholesteremic acids increase the total blood
cholesterol levels in humans by increasing the low density lipoprotein levels.
The alteration in the fatty acid composition of milk fat by the protein-oil
supplements also affected (P < 0.05) the levels of the different triacylglycerols. The most
abundant triacylglycerols in milk fat from goats fed the basal diet were those containing
42, 44 and 46 carbons. Feeding the protein-oil supplements increased the levels of the
triacylglycerols containing 40, 46, and 50 carbons while decreasing levels of those
containing lower carbon numbers (26 to 32)
This change in fatty acid composition and levels of triacylglycerols of milk fat
caused by feeding the protein-oil supplements also affected the solid fat content (SFC) at
different temperatures. Feeding goats any of the protein oil supplements significantly
decreased or tended to decrease the SFC of milk fat at 1O, 21.1 and 26. 7°C when
compared with the SFC of milk fat from goats fed the basal diet. The greatest decreases

(P < 0.05) in SFC of milk fat at these temperatures were caused by feeding goats DC,
followed by WC and then by DF. At 10°c, the 23.0% SFC of milk fat from goats fed DC
indicated that this milk fat was spreadable at refrigerated temperatures (5-6°C) while the
34.8% SFC of milk fat from goats fed the basal diet showed that this fat was not
spreadable at those temperatures. At 10°C, the SFC of milk fats from WC- and OF-fed
goats were significantly less than the SFC of milk fat from the goats fed the basal diet and
generally higher than the SFC of milk fat from DC-fed goats.
Whether or not the milk fat from goats fed different diet/supplements would
maintain a solid appearance at room temperature is debatable. A SFC of O to 1% at
33.3°C indicates that a fat would not. However, a SFC of 0% at 37.8°C for each of the
milk fats from goats fed the basal diet or any of dietary protein-oil supplements indicates
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that all fats would have the desirable texture of melting quickly in the mouth resulting in a
cooling effect.
The estimated cost of producing the casein-oil protein supplement is $0. 74 to
$0. 88 per kg, which would make this supplement competitive with the $0. 90 to $1 .10 per
kg price of fat supplements such as Megalac®. The Megalac®, which is the calcium salt
of fatty acids mainly from tallow, is fed to cattle as an energy source without claims
concerning alteration of the fatty acids of milk. Drying the ground casein supplement to
the dried form doubles the production cost. However, this dried casein supplement
produces increased levels of goat milk fat with a healthier fatty acid profile and better
functionality (spreadable at S-6°C) than milk fat produced on a basal diet. Furthermore,
drying the casein supplement also produces a product with infinite shelf~life at ambient
temperature compared with limited shelf-life in the original form. In addition, replacement
of the casein with chicken feathers and drying the supplement decreased the production
cost of the dried casein supplement from $1.76 to $1.06/kg. The feather supplement also
showed promise to produce a healthier, more spreadable milk fat at 5-6°C. Additional
research is needed to investigate ways to improve further the protection of the feather
supplement for dietary unsaturated fatty acids when fed to ruminant animals.
Results of this research using lactating goats as models for dairy cows indicate
the high probability that feeding the dried casein supplement to dairy cows would produce
increased levels of "healthier" butter spreadable at refrigerator temperatures. Research is
needed to confirm this probability and to determine the financial benefit of the
supplement. Naturally produced butter spreadable at refrigerator temperatures has an
increasing market at a premium price.
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Table A-1 - Composition of basal dieta fed to lactating goats
Units

Compositionsb

Protein

%

16.10

Fat

%

2.95

Crude fiber

%

15.00

Calcium

%

0.85

Phosphorus

%

0.50

Salt

%

0.82

Vitamin A

KIU/lb

7.73

Vitamin D

KIU/lb

0.68

Vitamin E

KIU/lb

22.33

Magnesium

%

0.35

Potassium

%

1.03

Selenium

ppm

0.47

Copper

ppm

21 .07

%

0.24

ppm

191 .56

Sodium

%

0.43

Chlorine

%

0.53

Cobalt

ppm

0.56

Manganese

ppm

86.43

Iron

ppm

212.90

Nutrients

Sulfur
Zinc

Iodine
ppm
1.42
Tennessee Farmers CO-OP 16% milking goat enhancer ration
bAmount in 1 lb Tennessee Farmers CO-OP 16% milking goat enhancer ration.
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Table 8-1 - Correction factors (CF) and retention times for fatty acid methyl ester
standards
Name

Fatty acids

Retention times (min)

Correction factors

Butyric

C4:0

13.751

0.0400

Caproic

C6:0

19.361

0.0982

Caprylic

C8:0

25.484

0.1746

Capric

C10:0

31 .295

0.2611

Undecanoic

C11 :0

33.657

0.3114

Dodecanoic

C12:0

36.541

0.3616

Tridecanoic

C13:0

38.758

0.5964

Tridecenoic

C13:1

40.108

0.5964

Myristic

C14:0

41 .292

0.8312

C14:1n5

42.797

0.9156

Pentadecanoic

C15:0

43.453

0.9156

Palmitic

C16:0

45.656

1.0000

C16:1n7

46.988

0.9253

Margaric

C17:0

47.561

0.9423

stearic

C18:0

49.598

0.9593

vaccenic

C18:1t

50.535

0.6094

oleic

C18:1n9

50.842

0.9554

Linoleic

C18:2n6

52.569

0.9677

C20:0

54.711

0.9436

Linolenic

C18:3n3

54.969

0.9195

Eicosenoic

C20:1n9

55.849

0.9195

Arachidonic

C20:4n6

58.661

0.9195

Eicosapentaenoic

C20:5n3

60.897

0.9195

Docosapentaenoic

C22:5n3

64.875

0.9195

Docosahexaenoic

C22:6n3

66.078

0.9195

Myristoleic

Palmitoleic

Eicosanoic
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Table C-1 - List of selected milk fat samples from goat fed basal diet and different dietary
supplements f'NC, DC, and OF)
Goat

C18:1 {%}

Diet

Lactating date {R, Pt

Nubian

Basal diet

07/05/99 (R1, P2)

12.7

Nubian

WC

06/28/99 (R1, P1)

20.6

Nubian

DC

07/09/99 (R1, P2)

29.1

Nubian

OF

07/20/99 (R1, P3)

27.7

Alpine 1

Basal diet

07/05/99 (R1, P2)

7.9

Alpine 1

Basal diet

09/09/99 (R2, P2)

13.6

Alpine 1

WC

06/28/99 (R1, P1)

20.0

Alpine 1

DC

09/13/99 (R2, P2)

24.9

Alpine 1

OF

07/20/99 (R 1, P3)

17.5

Alpine 2

Basal diet

07/16/99 (R1, P3)

5.7

Alpine 2

Basal diet

08/11/99 (R2, P3)

5.3

Alpine 2

WC

06/28/99 (R1, P1)

19.0

Alpine 2

DC

07/09/99 (R 1, P2)

25.1

OF

07/20/99 {R 1, P3}

16.1

Aleine 2
a(Replication, Period).
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Table D-1 - Correction factors (CF) and retention times for triacylglycerol standards
Triacyl9licerolsa

C6

ca
C10
C12
C14
C16
C18
C20
C22
C24
C26
C28
C30
C32
C34
C36
C38
C40
C42
C44
C46
C48
C50
C52

Linear eguationsb,c

R2

Y

0.9953

0.2299

0.9953

0.1651

0.9953

0.1651

0.9953

0.1002

0.9953

0.1126

0.9953

0.1126

0.9953

0.1250

0.9953

0.1159

0.9953

0.1159

0.9953

0.1067

0.9953

0.0999

0.9953

0.0999

0.9953

0.0931

0.9953

0.5466

0.9953

0.5466

0.9953

1.0000

0.9953

0.5467

0.9953

0.5467

0.9953

0.0934

0.9868

0.1139

0.9868

0.1139

0.9868

0.1343

0.9868

0.2029

0.9868

0.2029

0.9868

0.2715

=0.627X - 3.900
Y =0.627X - 3.900
Y =0.627X- 3.900
Y =0.627X - 3.900
Y =0.627X - 3.900
Y =0.627X - 3.900
Y =0.627X - 3.900
Y =0.627X - 3.900
Y =0.627X - 3.900
Y =0.627X - 3.900
Y =0.627X - 3.900
Y =0.627X- 3.900
Y =0.627X - 3.900
Y =0.627X - 3.900
Y =0.627X- 3.900
Y =0.627X - 3.900
Y =0.627X - 3.900
Y =0.627X - 3.900
Y =0.627X - 3.900
Log (Y) =0.043X - 0.441
Log (Y) =0.043X - 0.441
Log (Y) =0.043X - 0.441
Log (Y) =0.043X - 0.441
Log (Y) =0.043X - 0.441
Log {Y) =0.043X- 0.441

C54
aTriacylglycerols expressed as total carbon numbers
blinear equation to identify triglyceride with retention times
r:y =retention time; X =total carbon numbers.
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Correction factor

APPENDIXE

LEVELS OF OLEIC ACID IN MILK FAT FROM EACH GOAT FED BASAL DIET AND
EACH SUPPLEMENT IN REPLICATION 1 AND 2

117

35
30

-:e
--

-........
C

0

25
20
15

00

0

10
5 ····················································································································································································

0

+---,-----r--r--.----,----r---r------r----r-----.--,----,------r---r----l

CO

W::,

CO

DC

CO

I-+-

DF

CO

VC

CO

OF

CO

W::,

Nubian -+-Alpine1 __...... Alpine2

I

CO

VC

CO

DC

Figure E-1 - Levels of oleic acid (C18:1n9) in milk fat from each goat fed basal diet (CO)
and each supplement (WC=casein supplement mixed with basal diet; DC=dried casein
supplement mixed with basal diet; DF=feather supplement mixed with basal diet; and,
VC=ascorbyl palmitate mixed with basal diet) in replication 1 and 2.
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APPENDIX F

SOLID FAT CONTENT PROFILES OF ANHYDROUS MILK FAT FROM EACH GOAT
FED BASAL DIET AND THREE DIFFERENT DIETARY SUPPLEMENTS
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Figure F-1 - Solid fat content profiles of anhydrous milk fat from Nubian goat fed basal
diet (CO) and three different dietary supplements (WC=casein supplement mixed with
basal diet; DC=dried casein supplement mixed with basal diet; and, DF=feather
supplement mixed with basal diet).
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Figure F-2 - Solid fat content profiles of anhydrous milk fat from Alpine1 goat fed basal
diet (CO) and three different dietary supplements (WC=casein supplement mixed with
basal diet; DC=dried casein supplement mixed with basal diet; and, DF=feather
supplement mixed with basal diet).

121

45.00
40.00
35.00

-

30.00

:0:::.e

:::25.00
ca
u..

,,

=0 20.00
UJ

15.00
10.00
5.00
0.00

0.0

5.0

10.0

25.0

15.0

1-ro ...

0 ..

30.0

cx:2 -.-tc--CF

35.0

40.0

45.0

-'N:,I

Figure F-3 - Solid fat content profiles of anhydrous milk fat from Alpine2 goat fed basal
diet (CO) and three different dietary supplements (WC=casein supplement mixed with
basal diet; DC=dried casein supplement mixed with basal diet; and, DF=feather
supplement mixed with basal diet).
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